



Psychological aspects of eating behaviour in the general population 
Measurement and relevance for the body mass index 
 
Cumulative Doctoral Dissertation 
submitted in fulfilment of the requirements for the academic degree 
Dr. rer. med 
at the Faculty of Medicine 




submitted by Antje Löffler, MPH 
born on September 11th, 1981 in Dresden, Germany 
  
prepared at Leipzig University 
Faculty of Medicine 
Institute for Social Medicine, Occupational Health and Public Health 
supervisors Prof. Dr. med. Steffi G. Riedel-Heller, MPH 
Prof. Dr. rer. med. Tobias Luck 
 
 




Table of contents 
Index of figures ................................................................................................................ IV 
Index of tables .................................................................................................................. V 
Glossary of terms ............................................................................................................. VI 
1 Introduction ................................................................................................................... 1 
1.1 Eating behaviour and its relevance for common civilisation diseases............................. 1 
1.2 The history of eating behaviour concepts ........................................................................ 2 
1.3 Measuring aspects of eating behaviour ........................................................................... 6 
1.4 Rationale: Measurement of psychological aspects of eating behaviour and its relevance 
for the body mass index ....................................................................................................... 10 
1.5 Aims and hypotheses of the empirical studies .............................................................. 11 
2 Empirical Analyses ....................................................................................................... 13 
2.1 Age- and gender-specific norms for the German version of the Three-Factor Eating-
Questionnaire (TFEQ) ........................................................................................................... 13 
2.2 Eating Behaviour in the General Population: An Analysis of the Factor Structure of the 
German Version of the Three-Factor-Eating-Questionnaire (TFEQ) and Its Association with 
the Body Mass Index ............................................................................................................ 22 
2.3 Effects of psychological eating behaviour domains on the association between socio-
economic status and BMI ..................................................................................................... 35 
3 General discussion ....................................................................................................... 44 
.  O e ie  of the stud s esults ithi  this disse tatio  ................................................ 44 
3.2 Challenges and limitations in eating behaviour research .............................................. 45 
3.3 Implications for future research..................................................................................... 47 




Summary ........................................................................................................................ 49 
References ...................................................................................................................... 52 
Appendix A: Declaration of contribution ......................................................................... 56 
Appendix B: Statement of authorship ............................................................................. 85 
Appendix C: Curriculum vitae .......................................................................................... 86 
Appendix D: Academic contributions .............................................................................. 87 




Index of figures 
Figure 1 The Boundary Model .................................................................................................... 4 
Figure 2 Nondieter and dieter in the Boundary Model ............................................................. 4 




Index of tables 










Glossary of terms 
BMI Body Mass Index 
CASMIN Comparative Analysis of Social Mobility in Industrial Nation 
CFI Comparative Fit Index 
CI confidence interval 
DBEQ Dutch Eating Behaviour Questionnaire 
df degree of freedom 
DS disinhibition domain 
EE emotional eating domain 
EFA Explorative Factor Analysis 
e.g. for example 
FEV Fragebogen zum Essverhalten 
GFI Goodness of Fit Index  
HU hunger domain 
LIFE Leipzig Research Centre for Civilization Diseases 
PAF Principal Axis Factor analysis  
PR percentile rank (score) 
RMSEA Root Mean Square Error of Approximation 
RS cognitive restraint domain/restraint eating domain 
SD standard deviation 
SES socio-economic status 
SE standard error 
SRMR Standardized Root Mean Square Residual 
T T-Score 
TFEQ Three-Factor-Eating Questionnaire 
UC uncontrolled eating domain 
y years 







1.1 Eating behaviour and its relevance for common civilisation diseases 
In previous eras of human society, daily task of our ancestors was to find food to survive and 
to reproduce. By the mid-20th century, particularly in Western countries, daily food 
availability became very normal. Therefore, the main impulse for food intake was based not 
any more on physiological signs only. Thus, food intake occurred more often by social, 
emotional, or cognitive reasons now (Meule & Vögele, 2013). At once, more and more people 
became overweight or obese. For example, in Germany, obesity prevalence increased from 
9% in 1975 [6.7%-11.5%] to 22.3% [18.8%-25.9%] in 2016 (World Health Organization, 2018). 
The World Health Organization (WHO) claimed a body weight of at least 25kg/m² as 
overweight and, respectively, of about 30kg/m² and more as obese. Being overweight or 
obese is a risk factor for common civilisation diseases, like diabetes mellitus type 2, heart 
diseases, some types of cancer, hypertension, gall bladder disease, gout, or sleep apnoea 
(World Health Organization, 2000). But overweight and obesity are not only a problem at the 
individual level, but at the societal level as well because of its significant economic impact. For 
example, in Germany, obesity associated costs are estimated of about €20.3 billion/year based 
on an obesity prevalence of approximately 16 million persons. Therefore, in 1997, the WHO 
declared obesity a global epidemic, which control is of utmost importance (Caballero, 2007; 
World Health Organization, 2000).  
Body weight, and thus being overweight or obese, is a result of one’s individual genetic 
constitution and energy balance. If more energy as needed is taken in (i.e., through food and 
beverage consumption), the human body stores excess energy as body fat and body weight 
increases. However, food intake occurs by the physiological sign ‘hunger’ and by various 
interacting factors, including genetic, socio-cultural, and behavioural ones (Renner, Sproesser, 






However, diseases linked to being overweight or obese and their related costs have become 
major social and financial challenge for Western societies since the mid-20th century, when 
average body began to rise (Westenhöfer, 1992). Therefore, research began to focus on 
human eating behaviour. Aim of research was to find differences in eating behaviour between 
normal weight individuals and those who are overweight or obese. Thus, a number of 
concepts and theories were developed:  
 The externality theory; 
 The set-point theory; 
 The concept of the latent obese; 
 The concept of restrained eating and the disinhibition effect; and 
 The concept of emotional eating.  
 
1.2 The history of eating behaviour concepts               
One of the first concepts of eating behaviour was the theory of externality. It was 
hypothesized that in normal weight individuals, food intake is induced by the physiological 
sign hu ge  of the hypothalamus. By contrast, overweight and obese individuals will 
consume food in response to external trigger (e.g. lunchti e . Thus, Schachter et al. (1968) 
found in their laboratory experiments that overweight and obese i di idual s eating 
behaviours were based more on external signs than on internal ones. But, there were some 
normal weight individuals, who also ate in response to external stimuli (Rodin, 1981; 
Schachter, 1968). Therefore, evidence for an association between externalities and being 
overweight was weak (Rodin, 1981).  
Based on the finding that normal-weight and overweight i di iduals  eating behaviour was 
very similar in some cases, Nisbett et al. (1972) developed the set-point-theory. In this 
concept, body weight varies within a relatively fixed zone, which differs from person to person 
– the so a ed set point . The authors claimed that this zone is higher for overweight and 
obese individuals than for normal weight ones and is biological determined by the individual s 





individual needs additional cognitive resources and energy to change or to maintain them 
body weight outside of the biologically designated set point. This means, that an organism 
maintained below its set point might beha e u de eight  a d the efo e ei g hu g , 
irrespective of the pe so s social classification into normal-weight or overweight. Thus, to 
ignore intrinsic hunger signs, the person has to cognitively restrain food intake. However, in 
their concept of restrained eating and the disinhibition effect, Herman and Polivy (1983) 
hypothesized that restrained eating lead to greater sensitivity to external signs for food intake 
because of the o ga is s hu ge  stage . This situation might lead to excessive food intake 
when the cognitive control is turned off  (Herman & Polivy, 1983). In line with this theory, 
Herman and Mack found that restrained eaters tend to overeat when their individual dieting 
boundary is trespassed by a high caloric preload. In laboratory experiments which where 
masked as ice cream taste tests, dieters and non-dieters were asked to consume a high caloric 
milkshake as preload and then had the opportunity to eat ice cream ad libitum. While the non-
dieters stopped eating ice cream very quickly because they felt full, the dieters ate ice cream 
beyond their satiety boundary. Herman and Mack claimed that trespassing the dieting 
ou da  i du ed a feeli g of all-or-nothing  and led to overeating among the dieters. The 
authors interpreted this finding as a psychological compulsion subsequently of chronically 
undernutrition (Herman & Mack, 1975). 
Based on the preload experiments and set-point theory, Hermann and Polivy (1983) 
developed the Bou da  Model . As shown in figure 1, hunger and satiety represent opposite 
ends of a continuous scale. Both zones are leading to a strong physiological impulse to start 
or to stop eating. But organisms aim to avoid both extremes and prefer to stay within the area 
between the hunger and satiety boundary. In this so a ed zo e of iologi al i diffe e e  
food intake depends more on social, cognitive or emotional signs and less on urgent 







Figure 1 The Boundary Model 
 
Herman and Polivy suggest that a person who cognitively restrains food intake to control or 
to reduce body weight a diete  might have an additional dietary boundary between the 
hunger and satiety line (see figure 2). Thus, the zone between hunger and satiety is smaller 
for a dieter than for a non-dieter (Herman & Polivy, 1983). But trespassing the dieting 
boundary leads to compensatory food intake as a counter-regulation. This means, a dieter 
eats then more (e.g. after a preload) as a non-dieter because his or her zone  efo e the total 
satiety point is much wider (Herman & Polivy, 1983). Herman and Mack named this 
overeating  phenome in restrained persons disinhibition effect  (Herman & Mack, 1975). 
 
Figure 2 Nondieter and dieter in the Boundary Model 
 
The disinhibition effect is a result of a trigger that leads to an interruption of the cognitive 
control of food intake. In several laboratory experiments, typical disinhibitors were identified 
as:  
 A high caloric preload (e.g. a milk shake) 





 Alcoholic beverages; and 
 Negative emotions like anxiety or fear (Ruderman 1986; Westenhöfer 1992). 
At the same time when Herman et colleagues established their concept of restrained eating 
and the disinhibition effect, Pudel et al. published their concept of the latent obese  in 
Germany. In experimental studies, Pudel and colleagues expected that only obese individuals 
would restrict their food intake in order to lose weight. However, they also found an o ese 
eati g eha iou  in normal-weight subjects, as they also had problems with their weight 
(Pudel, Metzdorff, & Oetting, 1975). These results confirm the concept of restrained eating 
behaviour. Because of the finding, that a restrained eating behaviour is not necessarily tied to 
being overweight or obese, the concept of the latent obese is now considered out of date 
(Pudel & Westenhöfer, 1991; Westenhöfer, 1992). 
Another aspect of eating behaviour is emotional eating, which was first described in the 
psychosomatic theory by Kaplan et al. in the mid-20th century. They claimed that strong 
emotions like anxiety or fear normally result in reduced food intake (Kaplan H. I. & Kaplan H. 
S., 1957). But some individuals instead demonstrated excessive food intake under emotional 
conditions (van Strien, Frijters, Bergers, & Defares, 1986). This behaviour was seen more in 
obese individuals than in normal weight subjects. Thus, according to the concept of restrained 
eating and the disinhibition effect, emotions were interpreted as triggers that disinhibit the 
cognitive restrained eating behaviour in overweight and obese individuals. Table 1 
summarizes the concepts of restrained eating and the disinhibition effect. 
Table 1 Overview of the disinhibition effect in normal-weight and overweight or obese individuals 
Weight status Dieting status 
Trigger  
and Food ad libitum 
Normal weight 
Restrained Overeat 










1.3 Measuring aspects of eating behaviour 
1.3.1 The Restraint Scale  
Herman and Polivy developed a 10-item scale to identify restrained eaters (the Restraint 
S ale . This scale was used in their preload experiments to distinguish restrained from 
unrestrained eaters using the median split (Herman & Mack, 1975; Herman & Polivy, 1980). 
However, in susequent studies, there were problems with the s ale s validity and reliability. 
First, psychometric analyses showed the scale had a multi-factorial structure. Besides the 
dietary restraint factor, the scale also measured a weight fluctuation factor. Correlation 
between high scores on the restraint scale and obesity – which was confirmed in several 
studies – was due more to the weight fluctuation than the restrained eating factor. Second, a 
confounding of both disinhibited eating and restrained eating was supposed and third, 
application to obese persons failed. Restrained obese individuals did not overeat after a 
preload experiment, while normal weight restrained eaters did (Stunkard & Messick, 1985; 
Westenhöfer, 1992). 
Because of these problems, psychometric studies were conducted to both confirm the 
understanding of eating behaviour in normal-weight and overweight individuals and to 
develop a questionnaire helping identify eating behaviour patterns associated with being 
overweight or obese. Thus, in the mid-1980s, two important questionnaires were published: 
the Three-Factor-Eating-Questionnaire (TFEQ, also called the Eating Inventory) and the Dutch 
Eating Behaviour Questionnaire (DBEQ). The 51-item TFEQ includes items from the Restraint 
scale developed by Herman et al, the Latent Obesity Questionnaire from Pudel et al., as well 
as newly developed items (Pudel et al., 1975; Stunkard & Messick, 1985). The TFEQ measures 
three major aspects of eating behaviour: og iti e est ai t , disi hi itio , a d hu ge . The 
33-item Dutch Eating Behaviour Questionnaire includes items of the Eating Patterns 
Questionnaire, the Latent Obesity Questionnaire and the Eating Behavior Inventory (van 
Strien et al., 1986). This questionnaire also measures three major aspects of eating behaviour: 
restrained eating, external eating, and emotional eating. However, this dissertation focuses 
on the aspects of eating behaviour measured by the German version of the TFEQ (Fragebogen 





1.3.2 Parameter and characteristics of the TFEQ  
Overall, the TFEQ is a self-rating questionnaire consisting of 51 items. The TFEQ measures 
th ee do ai s of hu a  eati g eha iou : og iti e est ai t , disi hi itio  a d hu ge . 
Each item is coded as 0 or 1 point. Higher scores indicate stronger characteristic values in the 
domain. Furthermore, the German version of the TFEQ includes one question on common 
problems in eating behaviour. This additional information may help to identify key issues for 
therapeutic interventions. For this item, participants have to mark if they have issues in terms 
of: 
 
 Craving sweets   Eating in response to stress  
 Eating in public  Permanent counting of energy intake 
 Consuming alcoholic beverages  Sudden ravenous appetite  
 Boredom eating  Being af aid to eat o e s fill 
 
 
Domain 1, og iti e est ai t , includes 21 items and describes the degree of cognitive control 
in daily food intake (e.g. to control or lose weight). A high value in this domain means that a 
pe so s food i take is ased p i a il  on thi ki g  athe  tha  feeli g . An example of an 
item in this domain includes I ofte  stop eati g when I am not really full as a conscious means 
of li iti g the a ou t that I eat.  
Domain 2, disi hi itio , includes 16 items. Disinhibition describes the extent to which an 
individual is vulnerable to external stimuli or internal conditions in changing normal eating 
behaviour to eat more as usual. Thus, external or internal triggers may provoke a food attack  
in highly disinhibited individuals, which is often seen in both highly restrained and highly 
disinhibited persons. Examples of items in this domai  i lude, I usually eat too much at social 
occasions, like parties and picnics  e te al t igge , a d, When I feel lonely, I console myself 
 eati g  i te al t igge . 
Domain 3, hu ge , includes 14 items and describes a strong internal experience of hunger, 
which may lead to higher food intake. An example of an item in this domain includes, I a  





In their validation studies, Pudel and Westenhöfer (1989) found satisfying item-total 
correlations and coefficients of discrimination. Reliability was sufficient with C o a h s alpha 
0.74 to 0.87. Factor analysis showed a correlation between domains 2 and 3, with a correlation 
coefficient of r=0.6. The authors claimed that the TFEQ could potentially be optimized, but 
regarding international comparability, original TFEQ factor structure for the German version 
was obtained (Pudel & Westenhoefer, 1989). 
Previous normative data for the German version of the TFEQ were based on a representative 
sample from 1990 (of individuals aged 14 to over 70 years), as well as on three convenient 
samples from 1989 of younger subjects (mean age of 24–44 years) with weight problems 
(Pudel &Westenhoefer, 1989; Westenhoefer, 1992).  
 
1.3.3 Psychometric analyses of the TFEQ 
Overall, further psychometric analyses of the TFEQ revealed some problems with its factor 
structure (Cappelleri et al., 2009; Karlsson, Persson, Sjostrom, & Sullivan, 2000; Pudel & 
Westenhoefer, 1989; Westenhöfer, Stunkard, & Pudel, 1999). Therefore, a series of TFEQ 
versions were published: 
- Two subscales, rigid ontrol  and flexi le ontrol , for the cognitive restraint scale 
based on the German version of the TFEQ (Westenhöfer et al., 1999). 
- TFEQ-R18, an 18-item version based on the original TFEQ (Karlsson et al., 2000). 
- TFEQ-R21, a 21-item version based on the TFEQ-R18 (Tholin, Rasmussen, Tynelius, & 
Karlsson, 2005). 
- TFEQ-R18V2: an 18-item version based on the TFEQ-R21 (Cappelleri et al., 2009). 
In Germany, Westenhoefer et al. (1999) published a revised cognitive restraint scale. 
Validation analyses of the German TFEQ-version on clinical and non-clinical samples revealed 
the need of a distinction of the cognitive restraint scale to two subscales: a rigid control  scale 
containing of 16 items and a flexible control  scale with 12 items. This distinction might be 
useful, particularly in clinical settings. For example, successful weight reduction was strongly 





often associated with more disinhibition and a higher body mass index (BMI), while more 
flexible control was associated with lower BMI values (Westenhöfer, 1992; Westenhöfer et 
al., 1999). 
Moreover, international psychometric analysis led to different versions of the TFEQ. All of 
these versions contain three factors related to eating behaviour: cognitive restraint, 
uncontrolled eating, and emotional eating. In detail, based on a clinical sample of obese 
Swedish subjects, the TFEQ-R18 was developed. It consists of 18 items, of which six items 
measure the amount of cognitive restraint, nine items measure the amount of uncontrolled 
eating, and three items measure the amount of emotional eating. The authors claimed this 
version would be suitable particularly for large epidemiologic studies, as it would reduce 
participant burden due to being relatively short (Karlsson et al., 2000). The TFEQ-R18 was 
further developed to create the TFEQ-R21. In order to minimize floor and ceiling effects three 
more items to the emotional eating scale were added. Thus, TFEQ-R21 consists of six items 
for the cognitive restraint scale, nine items for the uncontrolled eating scale, and six items for 
the emotional eating scale (Tholin et al., 2005). However, in a clinical sample, the TFEQ-R21 
showed dissatisfying comparative fit with the obtained data. Therefore, the TFEQ-R18V2 was 
published with three items for the cognitive restraint scale, nine items for the uncontrolled 
eating scale, and six items for the emotional eating scale. In clinical and non-clinical datasets, 
the TFEQ-R18V2 showed a robust factor structure and good reliability (Cappelleri et al., 2009). 
 
1.3.4 Psychological aspects of eating behaviour and the body mass index 
The TFEQ aims to assess important aspects of human eating behaviour (Stunkard & Messick, 
1985). In order to understand becoming overweight or obese, it is essential to examine 
relevant aspects of eating behaviour (Pudel & Westenhoefer, 1989; World Health 
Organization, 2000). Overall, there is evidence for a direct association between a higher 
amount of disinhibition in eating behaviour and a higher BMI (French, Epstein, Jeffery, 
Blundell, & Wardle, 2012). This is also true for prediction weight gain in women (Hays et al., 





has found a positive association between restrained eating and BMI in normal-weight 
individuals but not in those who are overweight and obese. Additionally, restrained eating has 
not been found to predict weight gain (Ruderman, 1986; Westenhöfer, 1992, Lauzon-Guillain 
et al., 2006; Snoek, van Strien, Janssens, & Engels, 2008; French et al., 2012; Lowe, Doshi, 
Katterman, & Feig, 2013). However, as stated above, dividing the cognitive restraint factor 
into rigid control and flexible control might explain different findings (Westenhöfer, 1992; 
Westenhöfer et al., 1999). 
Furthermore, the association between the TFEQ domain hunger  and BMI remains unclear. 
Some studies have shown positive associations, while others have not (Dietrich, Federbusch, 
Grellmann, Villringer, & Horstmann, 2014; French et al., 2012; Provencher, Drapeau, 
Tremblay, Despres, & Lemieux, 2003). 
 
1.4 Rationale: Measurement of psychological aspects of eating behaviour and its relevance 
for the body mass index 
This dissertation deals with psychological aspects of eating behaviour as important factors 
associated with body weight. In the case of obesity as a global epidemic, research on eating 
behaviour is of utmost importance. For that, valid and reliable test instruments are mandatory 
assumed. The TFEQ, which measures psychological aspects of eating behaviour, is a widely 
used instrument in the field of obesity research. This dissertation updates psychometric 
analysis of the TFEQ for a non-clinical setting in Germany. Within this framework, associated 
analyses with the BMI as the most important risk factor for common civilisation diseases were 
conducted. The rationale for this line of inquiry was to 
I) Fill the gap in terms of a population-based German version of the TFEQ.  
II) Emphasize the existence of different aspects of eating behaviour. 
III) Underlying the associations between aspects of eating behaviour and the BMI. 





1.5 Aims and hypotheses of the empirical studies 
The German version of the TFEQ was used in a prospective cohort study of adults by the Leipzig 
Research Center for Civilization Diseases (LIFE) in Leipzig, Germany (LIFE-Adult). Using this 
population-based data, this dissertation: 
I) Conducts psychometric analyses for the German version of the TFEQ for a 
representative sample for middle-aged and older German adults. 
II) Examines the association between the domains in the German version of the TFEQ 
and the BMI as one of the most common risk factors for civilisation diseases. 
III) Analyses triangulation among the TFEQ s do ai s, BMI, and the socio-economic 
status under the hypothesis that psychological aspects of eating behaviour act as 
mediator between BMI and socio-economic status. 
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Abstract 
The ‘Fragebogen zum Essverhalten’ (FEV) is the German version of the Three-factor-Eating-
Questionnaire (TFEQ). This questionnaire covers three domains of eating behaviour (‘cognitive 
restrained’, ‘disinhibition’ and ‘hunger’) as well as common problems (e.g. craving for sweets). 
So far, there is a lack of normative data of the FEV especially for the middle-aged and older 
population. 
Aim of this study therefore was to provide age- and gender-specific norms of the FEV for the 
general population aged 40–79 years. We studied 3144 participants of the ongoing large 
community-based Leipzig Research Center for Civilization Diseases (LIFE) Health Care Study. 
We provided age- (four age groups: 40–49, 50–59, 60–69, and 70–79 years) and gender-
specific percentile ranks and T-scores for the three domains of the FEV as well as age- and 
gender-specific frequencies of the common problems in eating behaviour. 
Females scored significantly higher than males in all three domains of the FEV (p<0.001). Older 
individuals showed significantly higher mean scores than the younger ones in the domain of 
cognitive restraint, but lower mean scores in disinhibition and hunger (p<0.001). 45.1% of the 
males and 69.9% of the females reported specific problems in eating. The main problem in 
both genders was craving for sweets (38.6%). Eating in response to stress was mostly reported 
in younger individuals.  




The present study offers current normative data for the FEV in the middle-aged and older 
general population that can be applied in clinical and non-clinical settings. Information on 
eating behaviour can be helpful in understanding body weight modulation, and thus, may help 
to improve interventive and preventive programmes for overweight, obesity, and eating 
disorders. 
For full text see page 15.   
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A B S T R A C T
The ‘Fragebogen zum Essverhalten’ (FEV) is the German version of the Three-factor-Eating-Questionnaire
(TFEQ). This questionnaire covers three domains of eating behaviour (‘cognitive restraint’, ‘disinhibi-
tion’ and ‘hunger’) as well as common problems (e.g. craving for sweets). So far, there is a lack of normative
data of the FEV especially for the middle-aged and older population. Aim of this study therefore was to
provide age- and gender-specific norms of the FEV for the general population aged 40–79 years. We studied
3144 participants of the ongoing large community-based Leipzig Research Center for Civilization Dis-
eases (LIFE) Health Care Study. We provided age- (four age groups: 40–49, 50–59, 60–69, and 70–79 years)
and gender-specific percentile ranks and T-scores for the three domains of the FEV as well as age- and
gender-specific frequencies of the common problems in eating behaviour. Females scored significantly
higher thanmales in all three domains of the FEV (p < 0.001). Older individuals showed significantly higher
mean scores than the younger ones in the domain of cognitive restraint, but lower mean scores in dis-
inhibition and hunger (p < 0.001). 45.1% of the males and 69.9% of the females reported specific problems
in eating. The main problem in both genders was craving for sweets (38.6%). Eating in response to stress
was mostly reported in younger individuals. The present study offers current normative data for the FEV
in the middle-aged and older general population that can be applied in clinical and non-clinical set-
tings. Information on eating behaviour can be helpful in understanding body weight modulation, and
thus, may help to improve interventive and preventive programmes for overweight, obesity, and eating
disorders.
© 2015 Elsevier Ltd. All rights reserved.
Introduction
Overweight, obesity, and also eating disorders are major public
health problems. Recent data of the Body Mass Index (BMI) values
in the German general population suggest that overweight and
obesity is a common problem in the middle aged and older pop-
ulation. In Germany in 2013, regarding the age group of 45 to 49
years, 23.6% of the women and 46.1% of the men were overweight
(BMI of 25 to 29 kg/m2) and another 11.4% and 16.8% respectively
were obese (BMI > = 30 kg/m2). Moreover, the prevalence rates were
even higher in the age group of 70 to 74 years as 39.2% of the women
and 50.8% of the men of that age were overweight and 19.4% and
21.2% respectively were obese (Information System of the Federal
Health Monitoring, 2013). Even though higher weight in older age
can even be associated with better health outcomes such as reduced
mortality (Flegal, Kit, Orpana, & Graubard, 2013), significantly in-
creased weight is associated with serious public health concerns,
particularly as it is an important risk factor for common non-
communicable diseases like cardiovascular diseases, diabetes,
depression, or cancer which cause high individual and socio-
economic burden (World Health Organization, 2011).
Becoming overweight is influenced by various interacting factors,
including genetic, socio-cultural but also behavioural ones. Renner
et al., for example, identified several such factors which may cause
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daily food intake, including habits, needs, and hunger (Renner,
Sproesser, Strohbach, & Schupp, 2012). There are a number of
psychometric instruments which measure such behavioural–
psychological aspects of eating behaviour. A widely used
questionnaire is the Three-factor Eating Questionnaire (TFEQ), which
was developed in 1985 by Stunkard and Messick. A German version
of the TFEQ, the “Fragebogen zum Essverhalten” (FEV), was pub-
lished in 1989 by Pudel and Westenhoefer (1989; Stunkard &
Messick, 1985). The development of the TFEQ was based on results
of several eating behaviour experiments which showed the phe-
nomena of restrained and disinhibited eating in the 1970s and early
1980s.
Overall, the FEV covers three domains of eating behaviour (‘cog-
nitive restraint’, ‘disinhibition’ and ‘hunger’) as well as common
problems of eating behaviour (e.g. craving for sweets). ‘Cognitive
restraint’ describes the degree of cognitive control in daily food
intake, e.g. in order to control weight or to lose weight. ‘Disinhibi-
tion’ describes a loss of control in food intake and ‘hunger’ describes
the susceptibility for internal or external hunger signs. Validation
study has shown that it is a satisfactory valid, self-administered ques-
tionnaire (Pudel & Westenhoefer, 1989).
To the best of our knowledge, existing German normative data
for the FEV are based on a representative sample from 1990 (age
14 to over 70 years) as well as on three convenient samples of
younger subjects (mean age 24–44 years) withweight problems from
1989 (Pudel &Westenhoefer, 1989; Westenhoefer, 1992). Our study
therefore aimed to provide more current age- and gender-specific
normative data for the FEV and particularly focused on a represen-
tative sample of middle-aged and older individuals (40–79 years).
Methods
Participants
Normative datawere derived from the ongoing prospective cohort
adult study of the Leipzig Research Center for Civilization Dis-
eases (LIFE) in Leipzig, Germany (LIFE-Adult-Study). The aim of the
study is to find causes for the development of important civiliza-
tion diseases such as obesity, diabetes, cardiovascular diseases,
dementia, or allergies. The baseline survey was conducted from
November 2011 to November 2014 with a response rate of about
33%. Random proband sampling was performed by the city admin-
istration providing lists of addresses of registered residents. Citizens
were contacted by an invitation letter containing an information
leaflet about the study, a response form and a reply-paid enve-
lope. Persons who did not respond within four weeks received a
reminder letter. Non-responders were searched in public tele-
phone directories and then contacted by phone. Persons who were
interested to participate were scheduled for an appointment in the
LIFE study centre.
Overall, the calculation of age- and gender-specific norms for the
FEV was based on a first sample of 3144 participants aged 40–79
years who completed the FEV (data collection between November
2011 and January 2014). Figure 1 shows the sample attrition of the
Individuals invited to 





Investigated at baseline and 
available information on the 
FEV
n = 3,984
Ineligible n = 682
• Unknown adresses (n = 650)
• Dead (n = 31)
• Invitation in progress (n = 1)
Did not consent n = 16,787
• Non-responder (n = 9,058)
• No willingness to participate (n = 6,936)
• Ongoing data collection (n= 793)
• No available information on the FEV (n = 2,688)
Excluded participants n = 840
• Age ≤ 40 (n = 291)
• Diseases associated with eating behaviour (n = 549)
• Cancer within the last 12 months (n = 343)
• Symptoms of a chronic inflammatory bowel disease 
within the last 12 months (n = 16) 
• Presence of depressive symptoms defined with CES-D 
Score ≥ 23 (n = 116)
• Treatment with antipsychotic drug at baseline (n = 11)
• Treatment with insulin at baseline (n = 63)
Normative sample
n = 3,144
Fig. 1. Sample attrition and sample.
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study. As shown in Fig. 1, we excluded datasets from those
participants who were afflicted by diseases that might have caused
significant changes in eating behaviour including cancer, symp-
toms of an inflammatory bowel disease, depressive symptoms, intake
of antipsychotic drugs, and intake of insulin. All participants pro-
vided written informed consent prior to their participation in the
study. The study complies with the ethical standards of the Dec-
laration of Helsinki and has been approved by the ethics committee
of the University of Leipzig.
Data collection and assessment procedure
Participants underwent a comprehensive assessment
programme including various clinical examinations, clinical
interviews, and standardized questionnaires (including those on
socio-demographics and eating behaviour; see below). All
examinations were conducted by trained study personnel at
the LIFE research centre located on the premises of the University
Hospital of Leipzig. Standard operating procedures were used to
guarantee comparability and high data quality. Data were
checked for plausibility and consistency based on pre-defined
algorithms.
German version of the Three-factor-Eating-Questionnaire
Eating behaviour was assessed with the “Fragebogen zum
Essverhalten” (FEV), the German version of the Three-Factor-Eating-
Questionnaire (Pudel & Westenhoefer, 1989; Stunkard & Messick,
1985). Overall, the 51-items self-rating FEV-questionnaire covers
three domains of the human eating behaviour: ‘cognitive re-
straint’, ‘disinhibition’ and ‘hunger’.
Domain 1 ‘cognitive restraint’ includes 21 items. ‘Cognitive re-
straint’ is a construct which describes the degree of cognitive control
in daily food intake, e.g. in order to control weight or to lose weight.
High cognitive control is usually associated with a lower daily energy
intake, but also increases the risk for uncontrollable food-craving
attacks and eating disorders like bulimia nervosa or binge
eating disorder (Pudel & Westenhoefer, 1989).
Domain 2 ‘disinhibition’ includes 16 items whichmeasures a loss
of control in food intake. Subjects with high disinhibition scores tend
to eat more than subjects with low disinhibition scores
(Westenhoefer, Broeckmann, Munch, & Pudel, 1994).
Domain 3 ‘hunger’ includes 14 items and describes the suscep-
tibility for internal or external hunger signs.
Each item of the FEV is coded with 0 or 1 point. Thus, the
maximum score for the domain of ‘cognitive restraint’ is 21 points,
for ‘disinhibition’ it is 16 points and for ‘hunger’ it is 14 points. Higher
scores indicate stronger characteristic values in the domain.
Validation study showed satisfying results for the FEV domains
with Cronbach’s alpha 0.74 to 0.87. Factor analysis showed a cor-
relation between the domain of disinhibition and the domain of
hunger (Pudel & Westenhoefer, 1989).
The FEV additionally includes one question on common prob-
lems in eating behaviour. Participants have to mark those problems
they have:
– Craving for sweets
– Eating in response to stress
– Consumption of alcoholic beverages
– Sudden ravenous appetite
– Eating in society
– Permanent counting of energy intake
– Boredom eating
– Be afraid to eat one’s fill
Normative data
Results of the FEV are not normally distributed. To provide nor-
mative data for the FEV we therefore conducted the following steps:
First, we generated age- and gender-specific percentile ranks for each
domain based on the raw scores of the FEV. A person’s percentile
rank is the percentage of individuals that have lower or equal scores
in a domain. For example, if a person has a percentile rank of 80
in the domain of disinhibition means that 80% of the sample has
lower or equal scores in the domain.
In a second step, we additionally generated T-Scores. For this pro-
cedure, we first executed a linear z-transformation of the percentile
ranks (the z-scale has an arithmetic mean of zero and a standard
deviation of 1), and then transformed the z-scores into T-Scores.
T-Scores are widely used for normative data. The advantage of using
T-scores is that they can be easily interpreted; the mean of T-scale
is 50 and one standard deviation is 10. Thus, T-scores between 40
and 60 indicate average values, T-scores below 40 lower-than-
average values, and T-scores above 60 higher-than-average values
(Lienert & Ratz, 1998).
Statistical analyses
The statistical analyses were performed using Predictive Ana-
lytic Software (PASW) Version 20.0 (IBM Corp., Armonk, NY, USA).
All analyses employed an alpha level for statistical significance of
0.05 (two-tailed). Group differences in problems of eating behaviour
were analysed using Chi2-test. A univariate analysis of variance
(ANOVA) was used to assess the effect of age and gender on the
results in the three FEV domains and partial eta squares were cal-
culated to assess the according effect sizes.
Results
Sample
Overall, the provision of age- and gender-specific norms at the
FEV is based on data from 3144 participants at the LIFE-Adult-
study. The age and gender distribution of the normative sample is
shown in Table 1.
Age- and gender-specific norms of the FEV
Tables 2–4 present the age- and gender-specific percentile ranks
and T-scores of the FEV-domains. Findings of the ANOVA showed
significant gender effects on the results in all three FEV-domains
with generally higher mean scores in females than in males (domain
of ‘cognitive restraint’: F = 155.5, p < 0.001, partial eta squared = 0.05;
domain of ‘disinhibition’: F = 68.2, p = < 0.001, partial eta
squared = 0.02; domain of ‘hunger’: F = 18.7, p = < 0.001, partial eta
squared = 0.01). Moreover, we also found significant age effects on
FEV-results. Regarding the FEV-domain ‘cognitive restraint’, both
Table 1







Age (years) Mean 54.97 55.77 54.10
Standard deviation 9.70 10.10 9.16




Age group 1 (40–49 years) 1101 549 552
Age group 2 (50–59 years) 977 469 508
Age group 3 (60–69 years) 782 431 351
Age group 4 (70–79 years) 284 190 94
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females and males achieved higher mean scores in the older age
groups than in the younger ones (F = 53.0, p < 0.001, partial eta
squared = 0.05). By contrast, in the two FEV domains ‘disinhibi-
tion’ and ‘hunger’ the mean scores were significantly lower in the
older age groups than in the younger ones (‘disinhibition’: F = 15.2,
p < 0.001, partial eta squared = 0.014; ‘hunger’: F = 6.6, p = < 0.001,
partial eta squared = 0.01).
Problems in eating behaviour
Table 5 presents results on the frequency of common problems
in eating behaviour for both age and gender groups. 45.1% of the
males and 69.9% of the females reported specific problems in eating.
Overall, most problems were reported in craving for sweets (38.6%),
eating in response to stress (16.7%), and sudden ravenous appetite
(15.2%). Except for the consumption of alcoholic beverages, females
generally reported more problems in eating behaviour than males.
A particularly higher frequency of eating problems in females than
in males was found for craving for sweets (e.g. 6.0% in 40–49 years
old males vs. 9.1% in 40–49 years old females). With regard to age,
in both sexes the younger participants especially reportedmore often
to have problems with eating in response to stress than the older
one (3.3% in 40–49 year old males vs. 0.3% in 70–79 year old males;
4.5% in 40–49 year old females vs. 0.2% in 70–79 year old females).
Discussion
In this study, we aimed to provide age- and gender-specific nor-
mative data for the ‘Fragebogen zum Essverhalten’ (FEV), the German
version of the Three-factor Eating Questionnaire (TFEQ). To the best
of our knowledge, existing German normative data for the FEV are
based on a representative sample from 1990 (age 14 to over 70 years)
as well as on three convenient samples of younger subjects (mean
age 24–44 years) with weight problems from 1989 (Pudel &
Westenhoefer, 1989;Westenhoefer, 1992). Our study therefore aimed
to provide more current age- and gender-specific normative data
for the FEV and particularly focused on a representative sample of
middle-aged and older individuals (40–79 years).
Our normative data are comparable to those of Westenhoefer,
who published representative norms for the FEV in 1992
(Westenhoefer, 1992). By contrast, Pudel and Westenhoefer found
highermean values for all three FEV domains (Pudel &Westenhoefer,
1989). Mean scores were particularly higher in the ‘disinhibition’
domain. These findings, however, were based on selected and con-
venient samples, e.g. one selected sample was recruited by a weight
reduction programme. These results may support the hypothesis
that particular people with weight problems might have a higher
disinhibition (Aurelie et al., 2012; French, Epstein, Jeffery, Blundell,
&Wardle, 2012; Hainer et al., 2006; Hays et al., 2002; Lindroos et al.,
1997).
In our study, we found significant gender effects on the results
in all three FEV-domains with generally higher mean scores in
females than in males. Other studies, however, showed only higher
mean values for the domain of ‘cognitive restraint’ in females than
in males but inconsistent gender effects for the two other domains
(Aurelie et al., 2012; Chearskul, Pummoung, Vongsaiyat, Janyachailert,
& Phattharayuttawat, 2010; Drapeau et al., 2003; Hainer et al., 2006;
Westenhoefer, 1992).
With regard to an impact of age on the FEV results, we found
significant higher mean values in the older age groups than in the
younger ones for the domain of ‘cognitive restraint’ and reverse find-
ings with lower mean values in the older age groups than in the
Table 2
Age- and gender-specific norms of the German version of the Three-factor-Eating-Questionnaire for Scale 1: Cognitive Restraint (Fragebogen zum Essverhalten) (n = 3144).
Scale 1: Cognitive restraint
Males Females
Age: 40–49 y Age: 50–59 y Age: 60–69 y Age: 70–79 y Age: 40–49 y Age: 50–59 y Age: 60–69 y Age: 70–79 y
n = 549 n = 469 n = 431 n = 190 n = 552 n = 508 n = 351 n = 94
PR T PR T PR T PR T PR T PR T PR T PR T
0 2.1 29.6 2.0 29.5 0.8 26.0 2.1 29.7 2.1 29.6 0.9 26.3 1.0 26.7 1.1 27.0
1 7.6 35.6 7.7 35.7 3.6 32.0 8.2 36.1 6.2 34.6 3.4 31.8 3.6 32.0 3.2 31.5
2 17.0 40.5 16.6 40.3 9.5 36.9 15.3 39.7 12.1 38.3 7.7 35.7 6.4 34.8 6.4 34.8
3 29.7 44.7 27.9 44.2 16.4 40.2 21.3 42.0 20.5 41.8 13.1 38.8 9.0 36.6 12.2 38.4
4 42.4 48.1 39.8 47.4 23.9 42.9 27.9 44.1 29.0 44.5 18.0 40.9 13.4 38.9 17.0 40.5
5 54.1 51.0 49.7 49.9 33.2 45.7 34.0 45.9 36.0 46.4 23.0 42.6 20.1 41.6 19.7 41.5
6 64.0 53.6 56.9 51.7 42.1 48.0 41.1 47.7 42.8 48.2 29.6 44.6 27.8 44.1 27.1 43.9
7 71.6 55.7 64.6 53.7 50.7 50.2 49.0 49.7 50.0 50.0 36.1 46.4 36.5 46.5 36.7 46.6
8 77.6 57.6 72.7 56.0 58.4 52.1 56.3 51.6 56.5 51.6 42.2 48.0 44.9 48.7 45.2 48.8
9 82.2 59.2 78.8 58.0 65.2 53.9 64.0 53.6 63.2 53.4 48.8 49.7 52.0 50.5 52.1 50.5
10 86.1 60.8 83.5 59.7 72.3 55.9 70.5 55.4 70.0 55.2 56.1 51.5 58.1 52.0 58.5 52.1
11 89.2 62.4 87.9 61.7 78.0 57.7 76.3 57.2 76.8 57.3 62.7 53.2 64.1 53.6 65.4 54.0
12 91.8 63.9 91.4 63.6 82.0 59.2 81.3 58.9 82.1 59.2 68.2 54.7 69.9 55.2 71.8 55.8
13 94.0 65.5 94.1 65.7 86.7 61.1 85.5 60.6 85.6 60.6 74.5 56.6 77.1 57.4 79.8 58.3
14 95.5 67.0 97.0 68.8 90.7 63.2 90.3 63.0 89.0 62.3 81.3 58.9 84.6 60.2 87.2 61.4
15 97.0 68.8 98.8 72.7 93.5 65.1 94.5 66.0 92.2 64.2 86.5 61.0 89.6 62.6 92.0 64.1
16 98.4 71.3 99.5 75.6 96.1 67.6 97.1 69.0 94.7 66.1 91.5 63.7 92.6 64.5 96.3 67.8
17 99.4 74.9 99.8 78.6 98.0 70.6 98.4 71.5 96.8 68.6 95.6 67.0 95.0 66.5 98.9 73.0
18 99.6 76.9 100.0 ≥80.0 99.1 73.5 99.0 73.1 98.5 71.6 97.7 70.0 97.3 69.3 100.0 ≥80.0
19 99.8 79.1 99.5 76.0 99.7 77.9 99.3 74.5 99.4 75.2 98.9 72.8
20 100.0 ≥80.0 100.0 ≥80.0 99.8 79.1 100.0 ≥80.0 99.9 79.9
21 100.0 ≥80.0
Mean 5.5 5.8 7.5 8.4 7.5 9.2 10.1 9.9
SD 3.9 3.9 4.4 4.6 4.7 4.8 4.6 4.4
Median 5.0 5.0 7.0 8.0 7.0 9.0 10.0 10.0
Range 0–20 0–18 0–20 1–20 0–21 0–21 1–21 1–20
Skew 1.0 0.6 0.5 0.3 0.4 0.0 0.1 0.0
Kurtosis 0.7 −0.4 −0.5 −0.7 −0.6 −0.9 −0.7 −0.8
SD = standard deviation, PR = percentile rank (score), T = T-Score, y = years.
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younger ones for the domains ‘disinhibition’ and ‘hunger’. We found
amedium effect size for the association between the domain of ‘cog-
nitive control’ and the age groups and a small due to amedium effect
size for the association between the domains of disinhibition and
hunger and the age groups. By contrast to the earlier published
norms provided by Pudel andWestenhoefer (1989), we found lower
mean values for all three domains of the FEV, even though the mean
age of our study sample was higher. A comparison between our find-
ings and the findings of Pudel and Westenhoefer, however, has to
be made with caution, as the latter were based on data from con-
venient and selected samples. One of the selected samples, as
mentioned above, attended a weight reduction programme (Pudel
&Westenhoefer, 1989) and weight problems amongst other factors
might have also influenced the eating behaviour.
Table 3
Age- and gender-specific norms of the German version of the Three-factor-Eating-Questionnaire for Scale 2: Disinhibition (Fragebogen zum Essverhalten) (n = 3144).
Scale 2: Disinhibition
Males Females
Age: 40–49 y Age: 50–59 y Age: 60–69 y Age: 70–79 y Age: 40–49 y Age: 50–59 y Age: 60–69 y Age: 70–79 y
N = 549 N = 469 N = 431 N = 190 N = 552 N = 508 N = 351 N = 94
PR T PR T PR T PR T PR T PR T PR T PR T
0 1.6 28.7 1.9 29.3 2.8 30.9 2.6 30.6 1.6 28.6 1.3 27.7 1.9 29.1 2.7 30.7
1 7.7 35.8 10.8 37.6 13.2 38.8 15.0 39.6 7.3 35.4 7.3 35.4 9.0 36.6 12.2 38.4
2 20.7 41.8 27.7 44.1 32.3 45.4 39.5 47.3 17.8 40.8 20.3 41.7 22.1 42.3 30.9 45.0
3 39.1 47.2 45.8 49.0 52.8 50.7 62.9 53.3 32.0 45.3 35.7 46.3 38.6 47.1 50.5 50.1
4 59.1 52.3 61.2 52.8 70.0 55.2 76.6 57.3 45.9 49.0 49.4 49.9 53.7 50.9 65.4 54.0
5 75.1 56.8 74.1 56.5 82.1 59.2 85.8 60.7 59.5 52.4 62.3 53.1 65.5 54.0 75.0 56.7
6 84.5 60.2 83.2 59.6 89.1 62.3 92.4 64.3 71.1 55.6 72.1 55.8 75.5 56.9 82.5 59.3
7 89.9 62.8 89.7 62.6 93.4 65.1 95.0 66.4 78.8 58.0 77.8 57.6 83.1 59.6 89.9 62.8
8 93.8 65.4 94.2 65.8 96.2 67.7 96.6 68.2 84.0 59.9 82.7 59.4 88.9 62.2 94.2 65.7
9 96.6 68.3 96.6 68.2 98.0 70.6 98.2 70.9 87.9 61.7 88.1 61.8 92.7 64.6 96.3 67.8
10 97.8 70.2 97.8 70.1 98.8 72.7 99.2 74.1 92.1 64.1 92.1 64.1 95.4 66.9 97.9 70.3
11 98.5 71.6 98.3 71.2 99.1 73.5 100.0 ≥80.0 95.7 67.1 94.4 65.9 97.4 69.5 98.9 73.0
12 99.0 73.3 98.9 73.0 99.3 74.6 97.7 70.0 97.0 68.7 98.3 71.2 100.0 ≥ 80.0
13 99.5 76.0 99.6 76.3 99.7 77.0 98.9 72.9 98.6 72.0 99.3 74.5
14 100.0 ≥80.0 100.0 ≥80.0 100.0 ≥80.0 99.6 76.1 99.1 73.7 100.0
15 99.9 81.2 99.7 77.5
16
Mean 3.9 3.7 3.3 2.9 4.8 4.7 4.3 3.7
SD 2.4 2.5 2.3 2.1 3.1 3.2 2.8 2.7
Median 4.0 3.0 3.0 2.0 4.0 4.0 4.0 3.0
Range 0–14 0–14 0–14 0–13 0–15 0–15 0–14 0–14
Skew 1.2 1.1 1.3 1.6 0.8 0.9 0.9 1.4
Kurtosis 2.1 1.6 2.9 3.4 0.2 0.4 0.6 2.3
SD = standard deviation, PR = percentile rank (score), T = T-Score, y = years.
Table 4
Age- and gender-specific norms of the German version of the Three-factor-Eating-Questionnaire for Scale 3: Hunger (Fragebogen zum Essverhalten) (n = 3144).
Scale 3: Hunger
Males Females
Age: 40–49 y Age: 50–59 y Age: 60–69 y Age: 70–79 y Age: 40–49 y Age: 50–59 y Age: 60–69 y Age: 70–79 y
N = 549 N = 469 N = 431 N = 190 N = 552 N = 508 N = 351 N = 94
PR T PR T PR T PR T PR T PR T PR T PR T
0 3.6 32.1 4.6 33.1 5.6 34.1 6.3 34.7 3.6 32.0 4.0 32.5 3.1 31.4 4.8 33.3
1 15.9 40.0 20.4 41.7 22.6 42.5 24.0 42.9 15.0 39.7 17.3 40.6 15.8 40.0 17.6 40.7
2 36.2 46.5 40.8 47.7 45.8 49.0 46.1 49.0 33.2 45.7 36.0 46.4 38.5 47.1 37.2 46.7
3 56.4 51.6 58.5 52.2 64.3 53.7 63.2 53.4 49.7 49.9 51.9 50.5 58.8 52.2 58.5 52.1
4 70.9 55.5 72.4 55.9 76.0 57.1 76.1 57.1 60.8 52.7 64.5 53.7 71.2 55.6 74.5 56.6
5 79.9 58.4 80.8 58.7 84.2 60.0 85.8 60.7 69.9 55.2 73.9 56.4 79.5 58.2 83.5 59.7
6 85.6 60.6 86.6 61.1 89.9 62.8 91.1 63.4 78.1 57.7 80.6 58.6 84.8 60.3 89.4 62.5
7 89.7 62.7 90.7 63.2 93.6 65.2 94.2 65.7 85.1 60.4 86.2 60.9 88.6 62.1 92.6 64.4
8 92.8 64.6 93.7 65.3 96.1 67.6 96.8 68.6 90.5 63.1 90.7 63.2 91.3 63.6 94.7 66.1
9 95.6 67.1 96.3 67.8 97.6 69.7 98.4 71.5 94.0 65.6 93.9 65.5 93.5 65.1 96.8 68.5
10 97.4 69.4 97.8 70.1 98.5 71.7 99.0 73.1 96.5 68.1 95.9 67.4 95.4 66.9 98.4 71.4
11 98.3 71.1 98.3 71.2 99.3 74.6 99.7 77.9 98.2 70.9 97.6 69.8 97.2 69.0 100.0
12 99.1 73.6 99.0 73.4 99.9 80.4 99.1 73.6 99.0 73.3 98.7 72.3
13 99.8 79.1 99.9 80.6 99.6 76.1 99.8 78.8 99.6 76.3
14 99.9 81.2 100.0
Mean 3.3 3.1 2.8 2.7 3.8 3.6 3.4 3.1
SD 2.6 2.6 2.3 2.3 2.9 2.9 2.8 2.6
Median 3.0 3.0 2.0 2.0 3.0 3.0 2.0 3.0
Range 0–13 0–13 0–12 0–11 0–14 0–13 0–14 0–14
Skew 1.3 1.3 1.3 1.2 0.9 1.1 1.5 1.7
Kurtosis 1.7 1.8 1.9 1.6 0.4 0.6 1.9 3.9
SD = standard deviation, PR = percentile rank (score), T = T-Score, y = years.
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Nevertheless our results suppose that older individuals may have
higher control and less disinhibition in their eating behaviour. The
latter hypothesis is partially supported by findings of Drapeau et al.
Following a sample of 75 subjects over six years (males mean age
at 44 years, females mean age at 38 years), they showed a signif-
icant decrease of disinhibition with increased age in females but
no significant changes in the other two domains for both genders
(Drapeau et al., 2003).
We also studied the frequency of common problems in eating
behaviour. We found that two-third of the females and about half
of the males stated to have problems with eating. Most common
problem in eating behaviour was craving for sweets in all age groups.
Eating in response to stress was particularly found to be an impor-
tant eating behaviour problem in the younger age groups (40–49
years and 50–59 years). The study from 1990 byWestenhoefer also
provided representative data on the common FEV problems in eating
behaviour. The study, in general, showed comparable frequency rates
of the addressed eating behaviour problems. Moreover, craving for
sweets was also found as the most often reported problem. In con-
trast to our study that found eating in response to stress and sudden
ravenous appetite as eating behaviour problems to be common in
the population, Westenhoefer identified drinking alcoholic bever-
ages and eating in society as frequently reported problems in 1990
(Westenhoefer, 1992).
Our study has some limitations. Even though participants were
randomly selected from age-ordered lists provided by the Leipzig
registry office, representativeness of our sample may be limited
because of the study’s relatively low response rate, and thus, a po-
tential selection bias cannot be excluded. Also, information on
participants’ eating behaviour was only self-reported. Such infor-
mation in general may introduce some bias because of under- or
overreporting. Irrespective of these limitations the present study
offers important current normative age- and gender-specific data
on the FEV, especially for the middle-aged and the older general
population and provides an overview on common problems in eating
behaviour.
Conclusions
Normative data of the FEV can be applied in clinical and non-
clinical settings. Information on eating behaviour can be helpful in
understanding body weight modulation and may help to improve
interventive and preventive programmes for overweight, obesity,
and eating disorders. Further studies might address the associa-
tion between eating behaviour and weight and weight-related
disorders more in detail, e.g. by analysing possible moderating/
mediating effects of and interactions with additional important
factors like general health status, other lifestyle factors, income, or
food availability.
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Abstract 
The Three-Factor-Eating-Questionnaire (TFEQ) is an established instrument to assess eating 
behaviour. Analysis of the TFEQ-factor structure was based on selected, convenient and 
clinical samples so far. Aims of this study were (I) to analyse the factor structure of the German 
version of the TFEQ and (II) – based on the refined factor structure – to examine the 
association between eating behaviour and the body mass index (BMI) in a general population 
sample of 3,144 middle-aged and older participants (40-79 years) of the ongoing population 
based cohort study of the Leipzig Research Center for Civilization Diseases (LIFE Health Study). 
The factor structure was examined in a split-half analysis with both explorative and 
confirmatory factor analysis. Associations between TFEQ-scores and BMI values were tested 
with multiple regression analyses controlled for age, gender, and education. We found a three 
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p<0.001). Our findings suggest that the TFEQ is suitable to identify subjects with specific 
patterns of eating behaviour that are associated with higher BMI values. Such information 
may help health care professionals to develop and implement more tailored interventions for 
overweight and obese individuals. 
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Abstract
The Three-Factor-Eating-Questionnaire (TFEQ) is an established instrument to assess eat-
ing behaviour. Analysis of the TFEQ-factor structure was based on selected, convenient
and clinical samples so far. Aims of this study were (I) to analyse the factor structure of the
German version of the TFEQ and (II)—based on the refined factor structure—to examine
the association between eating behaviour and the body mass index (BMI) in a general pop-
ulation sample of 3,144 middle-aged and older participants (40–79 years) of the ongoing
population based cohort study of the Leipzig Research Center for Civilization Diseases
(LIFE Health Study). The factor structure was examined in a split-half analysis with both
explorative and confirmatory factor analysis. Associations between TFEQ-scores and BMI
values were tested with multiple regression analyses controlled for age, gender, and educa-
tion. We found a three factor solution for the TFEQ with an ‘uncontrolled eating’, a ‘cognitive
restraint’ and an ‘emotional eating’ domain including 29 of the original 51 TFEQ-items.
Scores of the ‘uncontrolled eating domain’ showed the strongest correlation with BMI values
(partial r = 0.26). Subjects with scores above the median in both ‘uncontrolled eating’ and
‘emotional eating’ showed the highest BMI values (mean = 29.41 kg/m²), subjects with
scores below the median in all three domains showed the lowest BMI values (mean = 25.68
kg/m²; F = 72.074, p<0.001). Our findings suggest that the TFEQ is suitable to identify sub-
jects with specific patterns of eating behaviour that are associated with higher BMI values.
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Such information may help health care professionals to develop and implement more tai-
lored interventions for overweight and obese individuals.
Introduction
Overweight and obesity are major public health problems worldwide. Regarding Germany, for
example, 53.0% of the women and 67.1% of the men are overweight of whom 23.3% and 23.9%
are obese [1]. Overweight and obesity are risk factors for a wide range of common non-com-
municable diseases such as coronary heart disease, hypertension, stroke, certain types of can-
cer, diabetes mellitus, gallbladder disease, dyslipidaemia, gout, and sleep apnoea [2]. The
economic burden of obesity and its comorbidities is high: based on an obesity prevalence of
16 million patients costs are estimated to amount €20.26 billion/year alone in Germany [3].
Understanding the underlying mechanisms of becoming overweight and obese therefore is
of utmost importance. To the best of the current knowledge, various interacting factors are
involved in the development of overweight and obesity including genetic, metabolic, environ-
mental, and socio-cultural aspects but also the individual eating behaviours [4].
Previous research of eating behaviour found different behavioural aspects which might
cause weight problems. A common and well-established self-rating questionnaire for such eat-
ing behaviour aspects is the Three-Factor-Eating-Questionnaire (TFEQ) [5]. The 51-items-
questionnaire measures three aspects of eating behaviour: (i) ‘cognitive restraint’ as the degree
of cognitive control in daily food intake, (ii) ‘disinhibition’ as the loss of control in food intake,
and (iii) ‘hunger’ as the susceptibility for internal or external hunger signs. The factor construc-
tion of the original TFEQ, however, was based on a small and selected convenient sample
(members of a weight reduction program; n = 220). Further studies also conducted factor anal-
yses of the TFEQ, but failed to replicate the original factor structure [6–10]. These studies,
however, were also based on selected, convenient or clinical samples focusing primarily on
younger subjects. Aim of our study therefore was to analyse the factor structure of the German
version of the TFEQ in a non-clinical general population sample of middle aged and older
adults (40–79 years). Based on the results of the factor analysis, we then examined the associa-
tion between the results in the questionnaire and the body mass index (BMI) as an important
defining measure of overweight and obesity.
Methods
Ethics statement
All participants provided written informed consent prior to their participation in the study.
The study complies with the ethical standards of the Declaration of Helsinki and has been
approved by the ethics committee of the University of Leipzig, Germany.
Participants
Data were derived from participants of the ongoing population based cohort study of the Leip-
zig Research Center for Civilization Diseases (LIFE) in Leipzig, Germany (LIFE Health Study).
The LIFE Health study aims to examine causes for the development of important civilisation
diseases such as obesity, diabetes, cardiovascular diseases, dementia, and allergies. Participants
were identified by systematic random sampling from age-ordered lists provided by the Leipzig
registry office. A detailed overview of the sample attrition of the study is shown in Fig 1. We
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excluded datasets from those participants who were afflicted by diseases and symptoms that
might have caused significant changes in eating behaviour including cancer, symptoms of an
inflammatory bowel disease, intake of antipsychotic drugs, insulin treatment, and depressive
symptoms. We identified depressive symptoms using the German version of the 20-item Cen-
ter of Epidemiologic Studies Depression Scale (CES-D; cut-off 23 points) [11–13]. Overall,
the present analyses were based on a final sample of 3,144 subjects aged 40 to 79 years.
Data collection and assessment procedure
Participants underwent a comprehensive assessment program including a variety of clinical
examinations, clinical interviews, and standardized questionnaires (including those on socio-
demographics and eating behaviour; see below). All examinations were conducted by trained
study personnel at the LIFE research centre located on the premises of the University Hospital
of Leipzig.
Assessments
German version of the Three-Factor-Eating-Questionnaire. Eating behaviour was
assessed with the “Fragebogen zum Essverhalten” (FEV), the German version of the Three-Fac-
tor-Eating-Questionnaire [5,10]. The original version of the TFEQ contains 51 items which
cover three domains of the human eating behaviour: ‘cognitive restraint’, ‘disinhibition’ and
Fig 1. Sample attrition and sample for the Three-Factor-Eating-Questionnaire (TFEQ) factor analysis.
doi:10.1371/journal.pone.0133977.g001
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‘hunger’. The 21-item domain ‘cognitive restraint’ is characterized by a permanent cognitive
control of food intake and cognitive override of physiological signs of hunger in order to
maintain or to reduce body weight. The ‘disinhibition’ domain with 16 items describes a loss of
control in food intake by various external or internal circumstances such as eating in society or
in emotional mood, and the ‘hunger’ domain includes 14 items which describes the exceeding
sense of internal hunger signs [5,10].
All TFEQ items are coded with either 0 or 1 point leading to maximum sum scores of 21
points for the domain of ‘cognitive restraint’, 16 points for ‘disinhibition’ and 14 points for
‘hunger’. Higher scores indicate stronger characteristic values in the domains.
Overall, the German version of the TFEQ was found to be a valid and reliable instrument
for assessing eating behaviour, so far. Validation study showed satisfying results for all three
domains with Cronbach’s alpha 0.74 to 0.87. However, the authors claimed that factor struc-
ture of the TFEQ may need improvement (e.g. further item selection) [5,10]. Also, as men-
tioned above (see introduction), results of the validation study were based on selected,
convenient and clinical samples focusing primarily on younger subjects and not on popula-
tion-based samples.
Anthropometric measurement. Anthropometric measurement was conducted by trained
study personal. Body weight was measured with scale SECA 701, height was measured with
height rod SECA 220 (SECA Gmbh & Co. KG). Body mass index (BMI) was calculated as the
weight in kilograms divided by the square height in meters (kg/m2).
Statistical Analyses
The statistical analyses were performed using Predictive Analytic Software (PASW) Version
20.0 (IBM Corp., Armonk, NY, USA). All analyses employed an alpha level for statistical signif-
icance of 0.05 (two-tailed).
To examine the factor structure of the German version of the TFEQ, we conducted a split-
half factor analysis. To divide the sample, we used the SPSS random case selection procedure.
On the random first split-half sample, we applied Principal Axis Factor analysis (PAF) with
varimax rotation as an Explorative Factor Analysis (EFA). The PAF identifies a number of fac-
tors underlying the items of the TFEQ. Determination of the number of factors that fit best to
the items was based on the following steps: (i) applying the criterion of Kayser-Mayer-Olkin
that determines the number of factors which explain more variance as an item itself (eigenval-
ues greater than 1), (ii) examination of the scree plot: The scree plot shows the eigenvalues on
the y-axis and the number of factors on the x-axis and displays a corresponding downward
curve. The point where the slope of the curve is clearly levelling off indicates the number of fac-
tors that should be generated by the analysis, and (iii), conduction of a second PAF: In this
PAF, we determined a priori the number of factors according to the results of the scree test and
defined that items attaining a factor loading of0.40 will be included in the factor structure
model to ensure that these items load on existing underlying factors [14].
On the random second split-half sample, we conducted Confirmatory Factor Analysis
(CFA) to test whether the identified factor structure of the PAF fits to the items of the TFEQ.
We used common indices to examine whether the model was acceptable to the obtained data:
the absolute fit indices Goodness of Fit Index (GFI) and Standardized Root Mean Square
Residual (SRMR), and the Comparative Fit Index (CFI) and Root Mean Square Error of
Approximation (RMSEA) as comparative fit indices to assess the model fit. The GFI measures
the fit between the observed model and the covariance matrix. A GFI value>0.9 indicates a
good model fit. The SRMR measures the difference between the observed model correlations
and the predicated model correlation. A SRMR less than 0.08 is considered as a good model fit
TFEQ Factor Structure in a General Population
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[15]. In contrast to the absolute model fit indices, RMSEA and CFI compare the fit between the
target model and an independence model, wherein all variables are uncorrelated. The CFI mea-
sures the discrepancy of the approximation of the models as a ‘goodness of fit model index’.
Higher CFI values indicate better obtained model fit (values above 0.90 indicate a good model
fit) [15]. The RMSEA measures the discrepancy of the approximation of the models as a ‘bad-
ness of fit model index’. Here, lower RMSEA values indicate a better obtained model fit. Specif-
ically, an RMSEA of 0.01 indicates an excellent fit, an RMSEA of 0.05 and lower indicates a
good fit and a fit of 0.08 and higher indicates a poor fit of the model to the obtained data [15].
Additionally to the model fit, we also examined the internal consistency of the refined factors
calculating the Cronbach’s alpha coefficient [14].
Based on the results of the factor analyses, in a last step, we analysed the association between
the identified factors of eating behaviour and BMI values. For that, we conducted stepwise
backward multiple regression analysis. In the regression model, we included the sum scores of
the revised TFEQ factors, age, gender, and education as the independent variables and the BMI
value as the dependent variable. Linear Z-transformation of the metric scales was obtained to
ensure comparability of the included variables. The partial regression squared coefficient was
used as a measure of effect size, which indicates the proportion of variance of the BMI values as
the dependent variable when the included independent variables held constant. The r-squared
value was used to provide an extent of BMI’s variability which is explained by the variables
included into the model.
Educational level of the participants was classified as low, medium or high according to the
CASMIN classification system [16].
Results
Sample description
The studied 3,144 participants (52.1 male, 47.9% female) were at a mean age of 54.97 years
(SD ±9.70, range 40–79 years). The mean BMI was 27.19 kg/m² (SD±4.71 kg/m², range 15.72–
55.36 kg/m²). Education was low in 2.9%, middle in 56.4% and high in 40.7% of the participants.
Analysis of the factor structure of the TFEQ
Based on the data of one half of the sample (n = 1,574), we conducted the explorative factor
analysis (Principal Axis Factor analysis, PAF) of the TFEQ. PAF identified 12 factors (Kayser-
Mayer-Olkin-Eigenvalues>1.0) that explained 49% of the total variance (see Table 1).
Examination of the scree plot then indicated a solution with the first three of the identified
factors. Conducting the second PAF with factor loadings of0.40 supported this three-factor-
solution. According to the original TFEQ, we also identified a ‘cognitive restraint’ factor (first
factor). Items of the original TFEQ ‘hunger’ and ‘disinhibition’ domains constituted the second
factor which we labelled ‘uncontrolled eating’. And finally, the identified third factor included
items of the origin ‘disinhibition’ domain that describe disinhibition in eating caused by emo-
tional triggers like feeling anxious or depressed. We therefore labelled this factor ‘emotional
eating’.
Based on the data of the other half of the sample, we then conducted the confirmatory
factor analysis to test whether the identified factor structure of the PAF fits to the items of the
TFEQ. Indices showed acceptable model fit with GFI = 0.928, SRMR = 0.0518, CFI = 0.885 and
RMSEA = 0.046.
Overall, the ‘cognitive restraint’ domain contained 15 items, the identified ‘uncontrolled eat-
ing’ domain contained 11 items and the ‘emotional eating’ domain contained 3 items. Table 2
TFEQ Factor Structure in a General Population
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shows these items and their factor loadings in the EFA and CFA according to the numbering
and factor attribution of the German version of the TFEQ [5,10].
To test the internal consistency of the refined factors, we calculated Cronbach’s alpha reli-
ability coefficients. The factor ‘restrained eating’ showed a Cronbach’s alpha of 0.840, the factor
‘uncontrolled eating of 0.802, and the factor ‘emotional eating’ of 0.780.
Analysis of the association between the scores in the TFEQ-domains
and the BMI
Stepwise backward multiple regression analysis revealed that ‘uncontrolled eating’, emotional
eating’ and ‘restrained eating’ were significantly associated with the BMI along with age, gen-
der, and education (see Table 3). The regression weights (B-weight) and partial correlation
coefficient (partial r²) of ‘emotional eating’ and ‘restrained eating’ indicated a small but positive
association with the BMI values (B-weight = 0.38, r² = 0.08; B-weight = 0.45, r² = 0.26), the
regression weight of ‘uncontrolled eating’ indicated the strongest positive correlation with the
BMI values (B-weight = 1.34, partial r = 0.26).
The examined model was found to have an R-squared value of about 0.146 indicating that
approximately 15% of the variability of the BMI was explained by the variables included into
the model.
In an additional step, we examined the BMI values in association with the participants’
eating behaviour in all three TFEQ-domains. Based on the median split of the results in each
of the revised TFEQ-domain, we therefore divided the sample in ‘cognitively restrained’
(n = 1,483) and ‘cognitively unrestrained eaters’ (n = 1,661), ‘uncontrolled’ (n = 1,450) and
‘controlled’ eaters (n = 1,694), and ‘emotional’ (n = 683) and ‘unemotional eaters’ (n = 2,461).
We found that subjects who were both ‘uncontrolled’ and ‘emotional eaters’ (but not restrained
eaters) had the highest mean BMI (29.55 kg/m²/SD = 5.93 kg/m²; n = 215), followed by subjects
who were ‘uncontrolled’, ‘emotional’ and ‘restrained eaters’ (mean/SD BMI = 28.98/5.10 kg/
m²; n = 316), subjects who were ‘uncontrolled’ and ‘restrained eaters’ (mean/SD BMI = 28.00/
4.59 kg/m²; n = 381), and subjects who were ‘emotional’ and ‘restrained eaters’ (mean SD/
BMI = 26.59/4.70 kg/m²; n = 96). The lowest mean BMI was found in those subjects who
scored low in all three TFEQ-domains, i.e. who were neither ‘uncontrolled’, nor ‘restrained’,
nor ‘emotional eaters’ (mean/SD BMI = 25.64/4.00 kg/m²; n = 856). The differences in BMI
Table 1. Kayser-Mayer-Olkin-Eigenvalues of the TFEQ-items in the PAF.
Kayser-Meyer-Olkin Eigenvalues
Factor Initial Eigenvalues % of variance Cumulative %
1 6.342 12.44 12.44
2 5.454 10.69 23.13
3 1.664 3.26 26.39
4 1.592 3.12 29.51
5 1.478 2.90 32.41
6 1.447 2.84 35.25
7 1.270 2.49 37.74
8 1.224 2.40 40.14
9 1.174 2.30 42.44
10 1.096 2.19 44.59
11 1.076 2.11 46.70
12 1.032 2.02 48.72
doi:10.1371/journal.pone.0133977.t001
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between these eating behaviour groups were significant (univariate analysis of variance:
F = 63.94, p<0.001). A gender-specific examination of the BMI values in the different eating
behaviour groups showed comparable distributions for both genders (data not shown).
Discussion
In this study, we sought to analyse the factor structure of the German version of the Three-Fac-
tor Eating Questionnaire (TFEQ) based on a large population-based sample of 3,144 middle-
aged and older individuals. We found a three-factor-solution that contained one of the three
original factors of the TFEQ: ‘cognitive restraint’. A second factor we labelled ‘uncontrolled eat-
ing’ due to the tendency to lose control over food intake as it contained items of the original
Table 2. Factor loading of the remained items in EFA and CFA.


































*DS = ‘disinhibition’ domain, HU = ‘hunger’ domain, RS = ‘cognitive restraint’ domain. Item numbering
correspondents to the origin German version of the TFEQ (includes item numbers ‘9 to 59’) [10].
doi:10.1371/journal.pone.0133977.t002
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hunger and disinhibition factors. Instead of the third original factor of the TFEQ, ‘hunger’, our
factor solution, however, identified another factor that we labelled ‘emotional eating’ as it con-
tained items of disinhibition in eating caused by emotional triggers like feeling anxious or
depressed. Model fit indices indicated an acceptable model fit. Reliability for these three identi-
fied factors was good and showed improved Cronbach’s alpha values when compared to the
original German version of the TFEQ [5,10].
Our findings corroborate findings from several previous studies that also found a compara-
ble three-factor-solution for the TFEQ, i.e. a solution including one domain that describes a
cognitive control of food intake in order to lose weight or to maintain body weight, one domain
that describes an increased food intake triggered by internal or external signs, and one domain
that describes a behaviour of emotional eating [6–8,10]. To the best of our knowledge, our
study, however, was the first providing TFEQ-factor analysis results based on a large general
population sample.
The second aim of our study was to examine the association between the scores in the iden-
tified three TFEQ-factors and the BMI values of the participants.
The results of the multiple regression analysis suggested that higher scores in ‘uncontrolled
eating’, emotional eating’ and ‘restrained eating’ are significantly associated with higher BMI
values. The strongest positive association was found for ‘uncontrolled eating’ and BMI. This
association corroborates results of others as a review of French et al. (2012) reported a consis-
tent association between ‘eating disinhibition’—which is synonymous for ‘uncontrolled eat-
ing’- and BMI or weight gain in ten out of eleven cross-sectional studies and in seven out of
nine prospective studies [17].
In contrast to our result, some previous studies reported significant negative associations
between ‘cognitive restraint’ and BMI. Johnson et al., for example, found that higher cognitive
restraint scores were associated with lower BMI values in overweight subjects but with higher
BMI values in normal weight subjects [18]. The authors accordingly suggested that in the
group of overweight subjects high cognitive restraint might temper food intake, and thus, lead
to a lower BMI, whereas high cognitive restraint in normal weight subjects might increase the
risk of overeating tendencies, and thus, lead to a higher BMI [18]. Westenhöfer even differenti-
ated two types of ‘cognitive restraint’: a flexible and a rigid one. While a flexible cognitive con-
trol might lead to a successful control of body weight, a rigid one seems to be associated with a
less effective weight control, and thus, higher BMI values [19–21]. The association between
‘cognitive restraint’ and BMI, however, might be moreover complex, as there might also be an
interaction with the ‘disinhibition’ domain of eating behavior. In particular, recent findings
have shown an inverted u-shaped relationship between restrained eating and BMI, which was
Table 3. Multiple regression analysis for the association between TFEQ-eating behaviour factors and BMI, controlled for age, gender, and educa-
tion (r² = 0.146).
B-weight SE t-values p-values 95.0% CI lower bound 95.0% CI upper bound partial r²
intercept 30.78 0.45 68.58 <0.001 29.90 31.66
restrained * 0.38 0.08 4.48 <0.001 0.21 0.54 0.08
uncontrolled* 1.34 0.09 15.04 <0.001 1.16 1.51 0.26
emotional * 0.45 0.09 4.96 <0.001 0.27 0.63 0.09
education -0.75 0.15 -5.15 <0.001 -1.04 -0.47 -0.09
age* 0.80 0.08 9.86 <0.001 0.64 0.96 0.17
sex -1.22 0.17 -7.19 <0.001 -1.55 -0.89 -0.13
*z-values, SE = standard error, CI = confidence interval.
doi:10.1371/journal.pone.0133977.t003
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further moderated by the level of disinhibited eating [22]. In additional analyses, we also found
an inverted u-shape relationship between the restrained score and BMI (data not shown), indi-
cating higher BMI values when subjects had a medium cognitive restraint score and lower BMI
values when subjects scored high or low on the cognitive restraint factor. Further studies might
be required to analyse such specific aspects of and interactions in the association between ‘cog-
nitive restraint’ and BMI.
Regarding our third identified factor of eating behaviour, ‘emotional eating’, we found a
weak positive association between higher scores in this factor and the BMI values. As stated
above, high ‘emotional eating’ describes an increased food intake as a strategy to regulate
adverse emotions like feeling lonely, anxious, or depressed–i.e. subjects with such a strategy eat
more than usual in a dysphoric mood. Accordingly, a study from Geliebter et al. examined eat-
ing during emotional states and situations using an ‘appetite questionnaire’. This questionnaire
covers positive and negative emotional states and their effect on food intake. The authors
found that high ‘emotional eaters’, who eat when having negative feelings like feeling anxious
or depressed, were more often obese than subjects using other mood regulation strategies [23].
Our findings also corroborate results of Koenders et al. who analysed the association
between eating behaviour and weight in a two-year follow up study on office-working employ-
ees. Using the Dutch Eating Behaviour Questionnaire (DBEQ), which also measures three
domains of eating behavior (‘emotional eating’, ‘uncontrolled eating’ and ‘restrained eating’),
the authors found a significant association between high scores in the emotional eating domain
and weight gain. [24]. And finally, in a study by Horstmann et al., in women there was found
an association between higher emotional eating values and a common genetic variation which
is associated with obesity [25].
In the last step of our study, we examined the association between different patterns of eat-
ing behaviour and the BMI values of the participants. When combining the characteristics of
the revised TFEQ-factors, we found that subjects who scored low in all three identified eating
behaviour factors (scores lower than the median in the factors) had the lowest BMI values
whereas subjects who were both ‘uncontrolled’ and ‘emotional eaters’ (scores higher than the
median in the two factors, but not in the ‘cognitive restraint’ factor) had the highest BMI val-
ues. As subjects with this latter pattern of eating behaviour may have a specifically increased
risk of overweight and obesity, they may thus constitute a group of particular clinical interest.
Our study is not without limitations. First, even though participants were randomly selected
from age-ordered lists provided by the Leipzig registry office, the representativeness of our
sample may be limited because of the study’s relatively low response rate. Second, information
on eating behaviour was only self-reported and may thus introduce some bias. And finally, our
findings are based on a sample of middle-aged and older subjects. Generalisation to younger
subjects therefore has to be made with caution.
Irrespective of these limitations, the present study on a large population-based sample
showed that the TFEQ is suitable to assess different dimensions of eating behaviour not only in
clinical samples but also in the middle-aged and older general population. Particularly the
focus on the middle-aged and older population is a strength of our study as these age groups
where underrepresented in previous analyses. Importantly, we also found that the different
dimensions of eating behaviour can be associated with different BMI values: a pattern of high
uncontrolled and high emotional eating was associated with a particularly high BMI, whereas a
pattern of low scores in all three dimensions ‘cognitive restraint’, ‘uncontrolled’, and ‘emotional
eating’ was associated with the lowest mean BMI values. Information on such low and high
risk eating behaviour groups may thus help health care professionals to develop and implement
more tailored interventions for overweight and obese individuals.
TFEQ Factor Structure in a General Population
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Abstract
Objective: The current study investigates potential pathways from socio-economic
status (SES) to BMI in the adult population, considering psychological domains of
eating behaviour (restrained eating, uncontrolled eating, emotional eating) as
potential mediators stratified for sex.
Design: Data were derived from the population-based cross-sectional LIFE-Adult-
Study. Parallel-mediation models were conducted to obtain the total, direct and
indirect effects of psychological eating behaviour domains on the association
between SES and BMI for men and for women.
Setting: Leipzig, Germany.
Subjects: We studied 5935 participants aged 18 to 79 years.
Results: Uncontrolled eating mediated the association between SES and BMI in
men only and restrained eating in both men and women. Emotional eating did
not act as mediator in this relationship. The total effect of eating behaviour
domains on the association between SES and BMI was estimated as β= −0·03
(SE 0·02; 95% CI −0·062, −0·003) in men and β= −0·18 (SE 0·02; 95% CI −0·217,
−0·138) in women.
Conclusions: Our findings do not indicate a strong overall mediation effect of the
eating behaviour domains restrained eating, uncontrolled eating and emotional
eating on the association between SES and BMI. Further research on other
pathways of this association is strongly recommended. Importantly, our findings
indicate that, independent from one’s social position, focusing on psychological








In Western countries, high standards of living provide
good conditions for health, formally irrespective of one’s
social position. Despite these good theoretical conditions,
there is an inverse gradient between socio-economic
status (SES) and health. For example, in Germany, the
estimated risk for diabetes mellitus type 2, heart disease or
liver disease is twice as high for individuals with the lowest
SES compared with individuals with the highest SES(1).
Moreover, risk factors for common civilization diseases
like physical inactivity and higher smoking prevalence, as
well as less use of primary prevention services are more
common in population groups with lower and lowest SES.
This is also true for the risk factor high BMI(1,2). For
example, the German Health Update 2012 for the German
population aged between 18 and 79 years revealed that
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overweight (BMI≥ 25·0 kg/m2) and another 23·6% as
obese (BMI≥ 30·0 kg/m2). But in women with the highest
SES, the estimated overweight and obesity prevalence was
much lower: 24·2% of the women were overweight and
another 9·4% were obese(3). For men, the findings are less
clear. Nevertheless, obesity prevalence was also sig-
nificantly higher in men with the lowest SES than in men
with the highest SES (20·0 v. 14·1% in the age group 18 to
79 years)(3). Overweight and obesity carry high social and
economic burden. For example, in Germany, direct costs
of obesity were estimated as €29·39 billion and the indirect
costs as €33·65 billion per year(4). Therefore, it is of utmost
importance to identify the underlying links between SES
and BMI, which might help to develop suitable prevention
strategies against overweight and obesity.
One link between SES and BMI is eating behaviour,
which differs between the SES groups. For example,
higher consumption of sugar-sweetened beverages is
more common in the lower and lowest SES groups(5,6).
Regarding the various interacting factors which lead to
one’s individual eating behaviour, including genetic,
sociocultural and personal ones, there is no simple
explanation for the differences in eating behaviour
between SES groups. Therefore, we hypothesized that
psychological factors of eating behaviour might be
underlying factors between the inverse association of SES
and BMI. Common and well-established psychological
domains of eating behaviour are: (i) a domain which
describes the degree of cognitive control in daily food
intake (cognitive restrained, restrained eating); (ii) a domain
which describes the loss of control over food intake
(uncontrolled eating, disinhibition); and (iii) a domain
which describes eating in response to emotional triggers
like feeling anxious or depressed (emotional eating)(7–13).
The association between these psychological domains of
eating behaviour and BMI are well studied. Especially the
domains uncontrolled eating and emotional eating have
been found to be associated with higher BMI values(14–17).
As eating behaviour has not only been found to be asso-
ciated with BMI, but also with SES, in the present study we
particularly aimed at investigating potential pathways
between SES and the psychological eating behaviour
domains ‘restrained eating’, ‘uncontrolled eating’ and
‘emotional eating’ and the BMI in the adult population.




All participants provided written informed consent prior to
their participation in the study. The study complies with
the ethical standards of the Declaration of Helsinki and has
been approved by the ethics committee of the University
of Leipzig, Germany.
Participants
Data were derived from the large population-based LIFE-
Adult-Study that was conducted by the LIFE–Leipzig
Research Center for Civilization Diseases in Leipzig,
Germany (August 2011–November 2014). The LIFE-
Adult-Study aims to examine the prevalence, early onset
markers, genetic predisposition and the role of lifestyle
factors in major civilization diseases such as obesity, dia-
betes and CVD. The study design of the LIFE-Adult-Study
has been described in detail elsewhere(18). An age- and
sex-stratified sample of residents of the city of Leipzig,
Germany, was randomly selected from lists provided
by the Leipzig registry office. The response rate was
33%. Eating behaviour was completely assessed in 6657
participants. We excluded participants whose eating
behaviour might have been influenced by symptoms of
chronic inflammatory bowel disease, treatment of cancer
disease, insulin treatment or intake of antipsychotic drugs
(n 722). The present analysis was based on a final sample
of 5935 participants aged 18–79 years.
Data collection and assessment procedures
All participants underwent a comprehensive assessment
programme including a variety of physical and medical
examinations, clinical interviews and standardized ques-
tionnaires. The assessments were conducted by trained study
personnel at the LIFE research centre located on the pre-
mises of the University Hospital of Leipzig. For the present
report, data were analysed from the following assessments.
Eating behaviour
Eating behaviour was assessed with the Fragebogen zum
Essverhalten (FEV), the German version of the Three-
Factor Eating Questionnaire (TFEQ)(8,12). The present ana-
lysis was based on a revised twenty-nine-item version of the
TFEQ, which covers three domains of eating behaviour:
‘uncontrolled eating’, ‘restrained eating’ and ‘emotional
eating’. The internal consistency of the scales (Cronbach’s α)
was stated as 0·802 for the domain of uncontrolled eating
(contains fifteen items), 0·840 for the domain of restrained
eating (contains eleven items) and 0·780 for the domain of
emotional eating (contains three items)(17).
As mentioned above, the domain of uncontrolled eating
describes the tendency to lose control over food intake,
the domain of restrained eating describes a permanent
cognitive control of food intake order to lose or to control
body weight, and the domain of emotional eating
describes eating in response to emotional triggers like
feeling anxious or depressed.
Sociodemographic characteristics
Sociodemographic information was obtained via a standar-
dized interview, which included questions about the educa-
tional and occupational qualification of the participant,
the net household income and actual occupational status.
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SES-Index-Score in accordance with the approach used in the
German Health Interview and Examination Survey for
Adults(19). The SES-Index-Score is based on the three domains
of ‘education’, ‘work’ and ‘income’. For each participant of the
LIFE-Adult-Study, each of the three domains was rated
between 1 point as the lowest possible value and 7 points as
the highest possible value. The points of the three domains
were then added to a final score (range 3–21 points) and
participants were categorized into one of the three SES
groups: ‘low’ (3–8 points), ‘medium’ (9–14 points) or ‘high’
(15–21 points).
Anthropometry
Body weight was measured with an electronic scale (SECA
701, Seca GmbH & Co. KG) with a precision of 0·01 kg.
Body height was assessed by means of a stadiometer
(SECA 240) to the nearest 0·1 cm. BMI was calculated as
the weight in kilograms divided by the squared height in
metres (kg/m2).
Statistical analysis
Statistical analyses were performed with the statistical
software package IBM SPSS Statistics version 20.0,
including the SPSS macro ‘PROCESS’ from Preacher and
Hayes(20). All analysis employed an α level of 0·05 for
statistical significance (two-tailed). Group differences
were analysed using Mann–Whitney U tests, χ2 tests and
Kruskal–Wallis tests as appropriate.
To examine the pathways between SES, BMI and the
eating behaviour domains, we conducted mediation ana-
lysis. For our analyses, we hypothesized that the psycho-
logical domains of eating behaviour (uncontrolled eating,
restrained eating, emotional eating) mediate the association
between SES-Index-Score and BMI. Previous analysis
required differences in eating behaviour between men and
women. Therefore, we conducted sex-stratified analysis(21).
We also used age as covariate, as age was found to be an
influencing factor on eating behaviour(21).
To detect the presence of mediation effects, we
first examined the associations between the obtained
variables. Therefore, we conducted Pearson’s correlation
analysis. Then we developed a parallel-mediation model
to examine the potential direct, indirect and total effects of
eating behaviour on the association between SES-Index-
Score and BMI, controlled for covariates. Parallel media-
tion was used to simultaneously include the three eating
behaviour domains in one model. A ‘direct effect’
describes the direct association between SES-Index-Score
and BMI in the presence of the mediator(s). An ‘indirect
effect’ describes the product of the paths between SES-
Index-Score and BMI and between SES-Index-Score, the
mediator(s) and BMI. The ‘total effect’ is the sum of the
indirect and direct effect. Thus, a full mediation of the
association between SES-Index-Score and BMI by eating
behaviour would be present if there was an indirect effect
via eating behaviour, but no direct effect of SES-Index-
Score on BMI in the model. A partial mediation would be
present if both the path between SES-Index-Score and BMI
and the path between SES-Index-Score, eating behaviour
and BMI was significant. To achieve scale similarity, we
conducted a z-transformation of all included variables.
A z-scale has an arithmetic mean of 0 and an SD of 1, and
allows the interpretation of regression coefficients more
easily. Significance of the direct and indirect effects was
tested with both the Sobel z-test and a bootstrapping
procedure of about 10 000 resamples. The bootstrap pro-
cedure providing 95% CI is additionally recommended for
significance testing as it respects irregularity of the sam-
pling distribution and provides more power(20).
Results
Sample description
Overall, analysis of the association between SES, eating
behaviour and BMI was based on a sample of 5935 par-
ticipants of the LIFE-Adult-Study. Characteristics of the
study sample are shown in Table 1.
Table 2 presents a detailed overview on the association
between the factors BMI and eating behaviour with SES.
Group comparisons using Kruskal–Wallis tests revealed a
higher mean BMI in lower SES groups, especially in
women (χ2 for men= 0·848, P= 0·654; χ2 for women=
87·137, P< 0·001). Additional information about the pro-
portion of obesity in SES classes is given. The proportion
of obesity was higher in lower and lowest SES in both men
and women compared with the highest SES group. Values
of restrained eating were higher in the higher SES groups
in both men and women (χ2 for men= 71·304, P< 0·001;
χ
2 for women= 20·241, P< 0·001). Values of uncontrolled
eating and emotional eating did not differ between lowest
and highest SES groups.
Intercorrelation between SES-Index-Score, BMI,
eating behaviour and the covariates
As shown in Table 3, we found weak (Pearson’s correla-
tion coefficient r< 0·3) but significant associations
between SES-Index-Score and BMI for both men and
women. We also found weak associations between
SES-Index-Score and all three eating behaviour domains as
well as between BMI and the eating behaviour domains.
Finally, we found a moderate (r> 0·4 and< 0·7) associa-
tion between the eating behaviour domains uncontrolled
and emotional eating, and a weak association between the
domains emotional and restrained eating.
Parallel-mediation model
We tested the pathways between SES-Index-Score, BMI
and eating behaviour in separate parallel-mediation
models for men and for women (see Figs. 1 and 2). In
the models, the psychological eating behaviour domains
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eating were included as potential mediators between SES-
Index-Score and BMI. Age was included as a covariate.
Results of the mediation models are presented in Table 4.
In both men and women, we found a significant direct
path between SES-Index-Score and BMI. The effect was
estimated as β= − 0·07 (SE 0·01; P< 0·001) for men and
β= −0·19 (SE 0·02; P< 0·001) for women. Regarding the
paths between SES-Index-Score, eating behaviour vari-
ables and BMI in detail, we found differences between the
models for men and women. For men, we found direct
significant paths between SES-Index-Score and all three
eating behaviour domains (restrained eating: β= 0·13
(SE 0·02), P< 0·001; uncontrolled eating: β= 0·06 (SE 0·02),
P< 0·05; emotional eating: β= 0·04 (SE 0·01), P< 0·05). The
paths between the eating behaviour domains and BMI
were also significant (restrained eating: β= 0·09 (SE 0·02),

















Table 2 Differences in BMI and eating behaviour scores according to socio-economic status (SES) for men and women
(n 5935) aged 18–79 years, LIFE-Adult-Study, Leipzig, Germany, August 2011–November 2014
Low SES Medium SES High SES
Mean SD Mean SD Mean SD χ† P value†
Men
BMI 27·65 5·17 27·45 4·14 27·27 3·88 0·848 0·654
Obese‡ 28·80 24·30 20·90 7·289 0·026
Restrained eating score§ 3·36 3·26 4·22 3·42 5·12 3·56 71·304 <0·001
Uncontrolled eating score§ 2·53 2·48 2·64 2·50 2·87 2·56 7·858 0·020
Emotional eating score§ 0·18 0·54 0·17 0·52 0·23 0·66 2·719 0·257
Women
BMI 28·63 6·13 27·37 5·49 25·79 4·99 87·137 <0·001
Obese‡ 36·40 26·70 17·10 47·917 <0·001
Restrained eating score§ 5·26 3·78 6·76 3·94 6·84 3·82 20·241 <0·001
Uncontrolled eating score§ 2·89 2·90 3·08 2·79 3·21 2·80 3·684 0·159
Emotional eating score§ 0·62 1·01 0·56 0·96 0·66 1·04 5·948 0·051
†Group differences were analysed with the Kruskal–Wallis H test.
‡Proportion of obesity in %; obesity is classified as BMI≥ 30·0 kg/m2(27).
§Higher scores indicate stronger characteristic values in the domains.
Table 1 Main characteristics of and significance differences between the study sample of men and women (n 5935),
LIFE-Adult-Study, Leipzig, Germany, August 2011–November 2014
Men (n 2905) Women (n 3030)
Mean or % SD or n Mean or % SD or n P value†
Sociodemographic characteristics
Age
Age (years; range 18–79) 54·8 12·0 53·8 11·1 <0·001
Socio-economic status (SES)
SES-Index-Score (range 3–21) 13·5 3·3 13·1 3·1 <0·001
Low SES (%, n) 4·8 139 4·3 129 <0·001
Middle SES (%, n) 49·5 1439 57·4 1740
High SES (%, n) 45·7 1327 38·3 1161
Anthropometric measures
BMI (kg/m2) 27·4 4·08 26·8 5·40 <0·001
Eating behaviour domains‡
Restrained eating score (range 0–15) 4·6 3·52 6·7 3·90 <0·001
Uncontrolled eating score (range 0–11) 2·7 2·53 3·1 2·80 <0·001
Emotional eating score (range 0–3) 0·2 0·60 0·6 0·99 <0·001
†Group differences in continuous variables were analysed with the Mann–Whitney U test, group differences in categorical variables
were analysed with the χ2 test.
‡Higher scores indicate stronger characteristic values in the domains.
Table 3 Pearson’s correlation coefficients between socio-economic
status (SES; i.e. SES-Index-Score), BMI, eating behaviour and age
for men and women (n 5935) aged 18–79 years, LIFE-Adult-Study,
Leipzig, Germany, August 2011–November 2014
BMI RS UC EE Age
Men
SES −0·04* 0·15* 0·07* 0·06* 0·01*
BMI 0·14* 0·32* 0·15* 0·17*





SES −0·18* 0·06* 0·01* 0·04* −0·11*
BMI 0·15* 0·25* 0·22* 0·23*




RS, restrained eating; UC, uncontrolled eating; EE, emotional eating.
*P< 0·05.
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emotional eating: β= 0·05 (SE 0·02), P< 0·05). For women,
there were no significant paths between SES-Index-Score
and the eating behaviour domains uncontrolled eating and
emotional eating, but between SES-Index-Score and the
domain restrained eating (β= 0·09 (SE 0·02), P< 0·001).
Similarly to the results for men, however, all three eating
behaviour variables showed significant paths to BMI also
in women (restrained eating: β= 0·12 (SE 0·02), P< 0·001;
uncontrolled eating: β= 0·25 (SE 0·02), P< 0·001; emo-





























Fig. 1 Parallel-mediation model between socio-economic status (SES; i.e. SES-Index-Score), BMI and psychological domains of
eating behaviour for men (n 2905) aged 18–79 years, LIFE-Adult-Study, Leipzig, Germany, August 2011–November 2014.














Fig. 2 Parallel-mediation model between socio-economic status (SES; i.e. SES-Index-Score), BMI and psychological domains of
eating behaviour for women (n 3030) aged 18–79 years, LIFE-Adult-Study, Leipzig, Germany, August 2011–November 2014.
**Significant path (z-test) with α level of< 0·001
Table 4 Results from the mediation models with direct, indirect and total effects of socio-economic status (SES;
i.e. SES-Index-Score) and eating behaviour on BMI for men (r 2= 0·032) and women (r 2= 0·075) aged 18–79 years,
LIFE-Adult-Study, Leipzig, Germany, August 2011–November 2014
β SE P value (normal theory) Bootstrap 95% CI
Men
Total effect† −0·033 0·015 0·032 −0·062 −0·003
Direct effect‡ −0·066 0·014 <0·001 −0·094 −0·038
Indirect effect§
Restrained eating score 0·012 0·003 <0·001 0·008 0·018
Uncontrolled eating score 0·016 0·005 0·003 0·009 0·030
Emotional eating score 0·002 0·001 0·066 0·000 0·006
Women
Total effect† −0·178 0·020 <0·001 −0·217 −0·138
Direct effect‡ −0·191 0·019 <0·001 −0·228 −0·153
Indirect effect§
Restrained eating score 0·011 0·003 0·002 0·006 0·027
Uncontrolled eating score −0·004 0·005 0·909 −0·010 0·009
Emotional eating score 0·003 0·003 0·144 −0·001 0·001
†Total effect= direct effect + indirect effects.
‡Direct effect= path between SES-Index-Score and BMI in presence of mediators.
§Indirect effect= paths between SES-Index-Score, eating behaviour domains and BMI.
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between SES-Index-Score and BMI regarding eating
behaviour variables was estimated as β= −0·03 (SE 0·02;
95% CI −0·062, −0·003) for men and as β= −0·18 (SE 0·02;
95% CI −0·217, −0·138) for women.
Overall, the mediation models indicated a partial med-
iation by psychological eating behaviour domains in both
men and women. In men, restrained eating (β= 0·012
(SE 0·003); 95% CI 0·008, 0·018) and uncontrolled eating
(β= 0·016 (SE 0·005); 95% CI 0·009, 0·030) mediated the
association between SES-Index-Score and BMI. In women,
a mediation effect of restrained eating between SES-Index-
Score and BMI was found (β = 0·011 (SE 0·003); 95% CI
0·006, 0·027). Emotional eating did not act as a mediator
between SES-Index-Score and BMI in both men and
women; results rather showed an independent impact of
emotional eating on BMI.
Discussion
In the present study, we aimed to investigate potential
pathways from SES to BMI in the adult population, con-
sidering the psychological eating behaviour domains
restrained eating, uncontrolled eating and emotional
eating as potential mediators stratified for sex. We hypo-
thesized that psychological domains of eating behaviour
mediate the association between SES and BMI.
In detail, the eating behaviour factor restrained eating
was found to attenuate the indirect association between
SES-Index-Score and BMI. This means that low restrained
eating might explain higher BMI in lower SES. Higher SES
is associated with higher restrained eating. Importantly,
restrained eating might be a strong result of individual
health considerations. It has been shown that highly
educated individuals have higher health considerations,
which might in turn lead to restrained eating to stop
weight gain, to maintain weight or to lose weight(22). Thus,
this result corroborates health awareness as one important
component in weight reduction programmes or in part of
health education in general.
We also found a significant mediation effect of uncon-
trolled eating on the association between SES-Index-Score
and BMI. However, as this effect was found only in men,
and moreover was only small, further studies may be
waited for to confirm this finding. Nevertheless, as the
direct association between uncontrolled eating and BMI is
well studied, coping with a loss of control in food intake
might be part of a weight reduction programme(14–17).
Emotional eating did not mediate the association
between SES-Index-Score and BMI in both men and
women. Thus, our analysis suggests that emotional eating is
rather directly associated with BMI – independent of SES.
The positive association between emotional eating and BMI
was also found in several other studies and underlines the
importance of this eating behaviour domain for under-
standing weight gain(13,15–17,23,24). Therefore, alternative
coping strategies for emotions might be a very useful
approach in attempts to lose or to maintain weight
independent from one’s social position.
However, regarding the low total effect of all the
eating behaviour domains on the association between
SES-Index-Score and BMI in mediation analyses, our
study, in general, does not indicate a strong mediation
effect of psychological domains of eating behaviour. As
we were able to focus only on three domains of eating
behaviour, more research is encouraged to investigate
further potentially important aspects (e.g. social norms,
habits, food marketing strategies) in mediation analyses of
the association between SES and BMI. Nevertheless,
independent from one’s social position, focusing on
psychological aspects in a weight reduction process might
be a promising approach. Therefore, the identification of
internal or external food stimuli, such as food advertising,
might help to develop individual coping strategies in a
weight reduction process. For example, a review from
Mantzios et al. found that ‘mindfulness eating’ might
reduce emotional as well as uncontrolled eating, which
are both associated with higher BMI values(17,25).
Our study is not without limitations. First, there is the
probability of selection bias because of a relatively low
response rate and some missing information about eating
behaviour. Second, individuals with lower SES were
under-represented, which might have caused bias, too.
Finally, self-reported data of eating behaviour might have
also led to some bias, such as over- or under-reporting.
Nevertheless, irrespective of these limitations, we found
that the association between SES and BMI was partly
mediated by eating behaviour.
However, the association between SES and BMI, in
general, seems to be complex and there might be more
than one pathway involved. To the very best of our
knowledge, our study is the first that examined a pathway
via the psychological domains of eating behaviour. So far,
few studies also examined other potential psychological
aspects in mediation analysis. Beydoun et al., for example,
found that depressive symptoms may mediate the inverse
association between SES and obesity in women(26).
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3 General discussion 
3.1 Overview of the study results within this dissertation 
Eating behaviour is directly involved in individuals becoming and remaining overweight or 
obese. One aim of research into eating behaviour is to identify underlying concepts that might 
explain differences between normal-weight and overweight or obese individuals. 
Furthermore, this research aims to develop valid and reliable test instruments that can 
identify persons with an elevated risk for becoming overweight or obese. Additionally, valid 
and reliable questionnaires can be used to measure the performance of obesity prevention or 
intervention programmes.  
Overall, a common and widely used questionnaire is the TFEQ. This dissertation aimed I) to 
provide an update to the TFEQ psychometric analysis for the German middle-aged and older 
population, II) to enhance knowledge of the underlying eating behaviour concepts, and III) to 
analyse these concepts’ association with BMI as the most important risk factor for common 
civilisation diseases. 
The first study provided age-and gender specific normative data for the German version of the 
TFEQ (Löffler, Luck, Then, Luppa et al., 2015). Based on a representative general population 
sample of middle-age and older German adults, the current normative data extend the 
existing ones from 1990 (Pudel & Westenhoefer, 1989). Additionally, we found that craving 
for sweets, eating in response to stress, and sudden ravenous appetite are the most common 
problems in eating behaviour for middle-aged and older men and women. We suggest that 
this information might help to improve more tailored interventive and preventive 
programmes on excess weight.  
In the second study, we conducted psychometric analysis of the German version of the TFEQ 
(Löffler, Luck, Then, Sikorski et al., 2015). Importantly, original factor structure was not 
replicable. Therefore, we developed a refined 29-item version of the TFEQ. Our findings 
emphasize that ‘cognitive restraint’, ‘uncontrolled eating’ and ‘emotional eating’ are stable 





uncontrolled eating and emotional eating demonstrated the strongest association with the 
BMI. Another important finding was that generally low values in all of the eating behaviour 
aspects were associated with the lowest BMI values. Thus, lowering scores in all of the TFEQ 
domains might be a promising approach to measuring the performance of a weight reduction 
programme.  
In the third study, we hypothesized that the eating behaviour domains cognitive restraint, 
uncontrolled eating, and emotional eating mediate the well-known indirect association 
between BMI and socio-economic status (Löffler et al., 2017). However, results assume weak 
evidence for a mediation effect. Therefore, we suggest that other pathways might be involved 
in the association between BMI and SES.  
Overall, the presented studies were based on data sets from a large population based study 
(LIFE-Adult), which strengthened the results. Therefore, the findings of the three studies in 
this dissertation might extend existing knowledge in the field of eating behaviour by I) 
providing current age-and gender specific normative data for the original German version of 
the TFEQ, II) revealing the existence of the eating behaviour aspects cognitive restraint , 
uncontrolled eating , and emotional eating , and III) demonstrating the association between 
eating behaviour and the BMI as one of the most common risk factors for civilisation diseases.  
 
3.2 Challenges and limitations in eating behaviour research 
Research into psychological aspects of human eating behaviour began when the increasing 
number of overweight and obese individuals became a general societal and financial problem 
(Pudel & Westenhoefer, 1989; Pudel & Westenhöfer, 1991). Thus, a number of laboratory 
experiments were conducted to explain human eating behaviour. However, there are some 
limitations. Subjects in these experiments were mostly female college students or members 
of weight-reduction programmes (Rodin, 1981; Stunkard & Messick, 1985). Laboratory 
experiments, e.g. the preload experiments, resulted in scales and questionnaires to measure 
aspects of eating behaviour. One of such questionnaire is the TFEQ, which is used in its 





& Messick, 1985). However, the s ales  validity and reliability were tested mainly in clinical 
and female samples (e.g. members of weight reduction programmes). Although the original 
factor structure in their factor analysis was not replicable, the authors recommend for 
Germany the use of the original 51-items-version to ensure comparability with international 
studies. However, the factor structure of the TFEQ remained a problem. Recently, different 
TFEQ-versions have been published. But, to the best of our knowledge, there is only one study, 
which conducted psychometric analysis of the TFEQ in a representative, non-clinical sample 
(Cappelleri et al., 2009). Additionally, si ulta eous to the TFEQ s elease as the pu li atio  
of another eating behaviour questionnaire: the Dutch Eating Behaviour Questionnaire. This 
questionnaire also measures three aspects of psychological eating behaviour: restrained 
eating, external eating, and emotional eating (van Strien et al., 1986). Thus, measuring 
psychological aspects of eating behaviour poses several challenges: a large variety of 
questionnaires that all measure similar (but not identical) factors, as well as their unclear use 
among different samples (e.g., clinical and non-clinical samples, samples including both sexes, 
and samples of different age groups). 
As previously discussed, one important aim of eating behaviour research is the understanding 
why individuals become and remain overweight or obese. Associations between eating 
behaviour domains and the BMI are well studied, and there is evidence for a direct association 
between the uncontrolled eating or disinhibition domain and BMI and between the emotional 
eating domain and BMI. However, there were some differences in study results in terms of 
the association between the restrained eating domain and BMI. For example, some studies 
have found a positive association between restrained eating and BMI in normal-weight but 
not in overweight and obese individuals (Ruderman, 1986; Westenhöfer, 1992, Snoek et al., 
2008, Lowe et al., 2013). Overall, the concept of restrained eating is complex, as there are 
both underlying factors and associated confounders that require detailed sub-group analyses. 
In general, it seems that unsuccessful restrained eating, which occurs in disinhibited eating, is 
related to higher BMI values (Meule, 2016). Another challenge in eating behaviour research is 





3.3 Implications for future research 
As a result of our findings, we strongly suggest that measuring aspects of eating behaviour 
should include the domains restrained eating , uncontrolled eating , and emotional eating . 
Therefore, we recommend the use of a refined version of the TFEQ. However, we also suggest 
continuing to refine the TFEQ. For example, the emotional eating  factor within the now- 
published 29-item version has only three items with an acceptable C o a h s alpha. 
However, adding more items to the emotional eating scale might stabilize it and improve 
internal consistency. This is also important, as emotional eating is a substantial aspect in the 
field of eating behaviour and in terms of its association with the BMI.  
Another important point in this dissertation was the finding, that generally low values in all of 
the eating behaviour aspects of the TFEQ were associated with the lowest BMI values. 
However, in the context of being overweight or obese, future research might focus on 
lowering values in all of the psychological aspects of eating behaviour.  
Additionally, a lower socio-economic status is associated with higher BMI values. We 
hypothesized that psychological aspects of eating behaviour might mediate this inverse 
association, but our analysis indicate only weak evidence. Nevertheless, we suggest that 
future research in eating behaviour should focus on pathway and mediation analysis in order 




The WHO has declared obesity a global epidemic (World Health Organization, 2000). However, 
the question of why people eat what they eat is still not answered satisfactorily. Food intake 
is the result of various interacting factors, including genetic, socio-cultural, and behavioural 
ones (Renner, Sproesser, Strohbach, & Schupp, 2012). This dissertation focused on 
psychological aspects of eating behaviour. Our analysis revealed that the common and widely 





and emotional eating. As these factors differ from the original TFEQ factors, we provided a 
refined version of the TFEQ. In our analyses, we found associations between these aspects 
and the BMI. As a whole, our results propose that eating behaviour low in cognitive control, 
uncontrolled eating, and emotional eating might be associated with lower BMI values. 
Conversely, a direct association with the BMI was found particularly for subjects scoring both 
high in uncontrolled eating and in emotional eating. This information might help to develop 
more tailored intervention and prevention programmes for overweight and obese individuals. 
However, the association between restrained eating and BMI remains unclear and require 
further analysis.  
Thus, the TFEQ helps to identify subjects with a specific pattern of eating behaviour that is 
associated with higher BMI values, but it might not explain the inverse association between 
socio-economic status and BMI. Therefore, psychological aspects of eating behaviour might 
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To understand obesity as a global epidemic, it is essential to understand why individuals 
become and remain overweight or obese. Body weight, and correspondingly being overweight 
or obese, is a result of one’s genetics and energy balance. Food and beverages bring energy 
to the body. However, their intake occurs as a result of a variety of interacting factors, e.g. 
physiological, cultural, genetic, social, and behavioural ones. One aspect of eating behaviour 
research is to identify underlying psychological aspects of individuals’ daily food intake. In 
laboratory experiments, researchers have aimed to identify differences in eating behaviour 
between normal-weight and overweight subjects. A result of those experiments was the 
Three-Factor-Eating-Questionnaire (TFEQ), a widely used instrument looking at three primary 
aspects of eating behaviour: ‘cognitive restrained’, ‘disinhibition’, and ‘hunger’.  
However, psychometric analysis of the German version of the TFEQ was based on two 
convenient clinical samples from 1989 and on one representative sample of younger subjects 





updated psychometric analysis of the German version of the TFEQ for a non-clinical setting in 
Germany. We also aimed to conduct associated analyses between the domains of the TFEQ 
and the BMI as the most important risk factor for common civilisation diseases. Overall, 
database was a large study sample from the baseline survey of the population based cohort 
Leipzig LIFE-Adult study. 
The first study provided age- and gender-specific norms for the three TFEQ domains. 
Percentile ranks and T-scores for the four age groups 40-49 years, 50-59 years, 60-60 years, 
70-79 years and for both men and women were published. Additionally, the study identified 
craving for sweets as the most common problem in eating behaviour. The published norms 
for the original 59-item German version of the TFEQ can be applied in clinical and non-clinical 
settings. Furthermore, additional information about common problems in eating behaviour 
might help identify general key points related to body weight modulation. 
The second study analysed the factor structure of the TFEQ using both confirmatory and 
explorative factor analysis. Importantly, the original TFEQ factor structure was not replicated. 
A refined 29-item version contained three domains: ‘uncontrolled eating’ (15 items), 
‘restrained eating’ (11 items), and ‘emotional eating’ (three items). The identified underlying 
aspects of eating behaviour are consistent with those of other studies and suggest their 
evidence. The highest mean BMI was found in subjects scoring high in both uncontrolled 
eating and emotional eating. The analysis thus confirms previous findings of the direct 
association between the uncontrolled eating domain and the BMI and between the emotional 
eating domain and the BMI. Again, this information might help identifying individual’s key 
problems in the challenge of maintain or lose body weight. Interestingly, in our analysis, the 
lowest mean BMI was found in subjects who scored low in all three of the TFEQ domains. We 
thus suggest that lowering the values of the three aspects of eating behaviour might be a 
promising approach in weight reduction programmes. 
Regarding the impact of eating behaviour to the BMI, social disparities might play an 
important role. Thus, in our third study, we hypothesized that psychological aspects of eating 
behaviour might mediate the indirect association between the socio-economic status and 





Therefore, we suggest that psychological factors may be less involved in this association than 
other types of factors (such as financial resources).  
In sum, understanding why individuals become and remain overweight or obese is of utmost 
importance, as the social and economic burden of excess weight is high. Psychological aspects 
of eating behaviour might partly explain individuals being overweight or obese. The studies 
within this dissertation revealed that the widely used TFEQ helps to identify subjects with a 
specific pattern of eating behaviour associated with higher BMI values, but might not explain 
social disparities in body weight. However, eating behaviour comprises a stable, long-term 
pattern of daily food intake. Therefore, research into eating behaviour offers the chance to 
identify fundamental aspects of body weight modulation.  
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